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PREFACE 


HE  formal  contents  of  this  book  have  been  deter- 


mined by  the  syllabus  of  the  conjoint  examining 
board  of  the  Royal  Colleges  of  Physicians  and  Surgeons 
of  England,  issued  for  the  guidance  of  candidates  pre- 
paring for  the  examination  in  Elementary  Biology.  I 
have  endeavoured  to  set  forth  the  necessary  facts  plainly, 
but  in  such  fashion  that  the  relations  they  bear  to  each 
other,  and  their  places  in  the  science  of  Biology,  shall  be 
apparent.  The  actual  facts  can  be  learned  only  with 
the  microscope  and  the  scalpel.  I have  tried  to  make 
this  book  serve  as  a guide  in  the  laboratory,  and  also 
to  supply  the  necessary  connecting  links  between  the 
isolated  facts  presented  by  the  seven  or  eight  plants  and 
animals  selected  out  of  the  multitude  of  living  organisms. 
I hope,  therefore,  that  this  book  may  supply  outlines  of 
Biology  to  those  who  will  afterwards  proceed  to  that 
special  branch  of  Biology,  known  as  the  study  of  medi- 
cine, and  that  it  may  also  serve  those  who  propose  to 
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devote  themselves  afterwards  to  more  detailed  study  of 
zoology,  with  the  aid  of  more  advanced  text-books. 

In  following  so  well-beaten  a track,  I am  indebted  to 
many  predecessors,  to  whom  I wish  to  make  grateful 
acknowledgment.  I have  drawn  all  the  figures  specially 
for  this  book  ; in  two  or  three  cases  directly  from  figures 
already  published,  in  several  cases  from  the  specimens 
with  the  aid  of  published  figures.  These  are  acknow- 
ledged in  their  places  ; the  others  are  original. 

P.  CHALMERS  MITCHELL 

London,  1894. 
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OUTLINES  OF  BIOLOGY 


CHAPTER  I 


PROTOPLASM 


IVING  BODIES  possess  many  familiar  properties 


which  give  them  an  unmistakable  character.  We 
may  be  unable  to  distinguish  in  them  growth  or  movement, 
the  phenomena  which  we  associate  most  readily  with  life, 
but  we  know  that  we  can  produce,  by  easy  mechanical  or 
chemical  methods,  an  arrest  or  alteration  of  the  processes  of 
life.  This  arrest  or  alteration,  that  we  call  death,  we  look 
confidently  to  be  followed  by  gross  changes  in  the  bodily 
substance.  The  form  and  consistency  alter  : the  pleasant 
neutrality  of  the  odour  is  replaced  by  offensive  exhalations, 
and  the  substance  resolves  itself  into  water,  ashes,  and  gases. 
If  we  treat  the  living  substance,  be  it  part  of  a growing 
root,  a green  leaf,  or  part  of  the  fresh  tissue  of  an  animal, 
by  strong  heat,  by  placing  it  in  a test-tube  held  over  a 
flame,  first  a quantity  of  water  is  driven  off,  and  then  the 
substance  chars,  and  there  issues  a thick  smoke  in  which 
ammonia  and  sulphur  can  be  detected.  We  are  thus 


2 


OUTLINES  OF  BIOLOGY 


certain  of  the  presence  of  hydrogen  and  oxygen,  nitrogen 
and  sulphur,  and  the  charred  remains  are  chiefly  carbon, 
and  tliese  elements  we  shall  find  to  compose  the  chief 
elements  in  living  material. 

If  an  exceedingly  thin  slice  or  shred  of  such  living 
material  be  placed  in  water  or  in  diluted  glycerine,  and 
examined  under  the  microscope,  it  may  be  seen  to  be 
composed  of  closely  packed,  distinct  pieces,  called  cells. 
If  the  substance  chosen  is  a thin  film  picked  with  a 
needle  from  the  surface  of  a leaf,  or  isolated  pieces 
scraped  with  a blunt  edge  from  the  inside  of  one’s  own 
cheek,  these  cells  exhibit  definite  cell-walls,  and  a central 
thickening  or  nucleus,  and  manifestly  are  separate 
elements.  In  most  tissues,  and  especially  in  the  tissues 
of  animals,  the  outlines  of  cells  are  not  readily  seen. 
What  is  more  important  to  notice  is  that  these  cells, 
when  taken  alive  from  fresh  tissues,  and  preferably  from 
young  growing  tissues,  arc  composed  of  a semi-trans- 
parent, greyish  material,  looking  like  thin  gum  into 
which  small  transparent  granules  have  been  stirred, 
'r  h e substance  which  has  this  appearance 
is  protoplasm,  and  is  the  li\'ing  part  of 
the  cells  of  all  animals  and  plants.  Animals 
and  plants  are  alive  and  growing  ; their  protoplasm  is 
alive  and  growing  ; and  we  know  protoplasm  only  as  a 
living  substance.  Chemical  analysis  kills  it,  and  dead 
material  is  not  protoplasm.  We  know  that  what  we  call 
protoplasm  is  a mixture,  not  a single  chemical  substance. 
It  is  alive,  and  therefore  constantly  building  up  food- 
materials  into  itself  ; constantly  breaking  down  part  of 
itself  in  the  process  of  doing  the  work  of  living  ; con- 
stantly, again,  forming  substances  like  cell-walls,  like 
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enamel,  or  wax,  or  horn,  which  are  derived  from  proto- 
plasm, but  are  not  protoplasm.  Thus  protoplasm, 
as  we  look  at  it  under  the  microscope, 
and  as  we  must  carry  it  in  our  minds,  is 
a flux  of  chemical  materials,  some  of  them 
food  in  various  stages  of  the  process  of 
building  up  into  living  substance,  some 
of  them  broken-down,  waste  products 
from  the  living  material  which  has  been 
used  up,  — and  some  of  them  substances 
manufactured  by  the  living  material.  To 
see  it  one  chooses  young  growing  cells,  for  in  older  cells 
the  living  material  frequently  is  obscured  by  the  various 
substances  it  has  made. 

Protoplasm,  then,  is  not  a definite  chemical  compound, 
but  a jelly-like  substance  one  can  see  with  the  microscope 
when  one  knows  where  and  how  to  look  for  it.  How- 
ever, it  can  be  shown  that  protoplasm  consists  chiefly  of 
the  chemical  compounds  known  as  Proteids.  The 
general  composition  of  these  bodies  is — 


Oxygen 

from 

20-9 

to 

23-5 

Hydrogen 

>> 

6-9 

n 

7-3 

Nitrogen 

15-2 

170 

Carbon 

51-5 

54-5 

Sulphur 

0-3 

20 

Besides  Proteids,  protoplasm  always  contains  a large  bulk 
of  water,  small  quantities  of  carbo-hydrates  and  fats,  and 
traces  of  iron  and  of  phosphates  and  sulphates  of  potas- 
sium, calcium,  and*  magnesium.  Hence  it  is  probable 
that,  if  in  the  material  called  protoplasm  a special 
chemical  compound  be  present,  the  molecules  of  this 
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chemical  compound  are  much  more  complex  than  the 
molecules  of  Proteids. 

Protoplasm  is  dissolved  by  weak  acids  or  alkalies, 
though  in  this  process  of  solution  it  is  destroyed,  and 
cannot,  like  a simple  chemical  substance  in  solution,  be 
recovered  unaltered  by  precipitation  or  evaporation. 
Strong  alcohol  coagulates  it,  but  this  again  changes  it 
as  water  is  withdrawn  in  the  process.  Heating  it  to 
about  40°  Cent,  coagulates  it  just  as  white  of  egg,  the 
best-known  proteid,  is  coagulated  by  boiling.  It  must  be 
noticed  that  all  these  methods  kill  animals  or  plants  just 
as  they  alter  the  living  material  of  these  animals  and 
plants. 

But  without  the  aid  of  chemistry  enough  may  be 
observed  about  protoplasm  to  give  it  a very  definite  place 
in  the  world  of  facts.  First  of  all,  protoplasm  has  the 
power  of  movement.  This  can  be  seen  particularly  well 
in  the  delicate  cells  which  form  the  hairs  of  many  plants. 
The  staminal  filaments  of  Trndescantia  (the  Virginian 
spiderwort)  are  set  thickly  with  delicate  blue  hairs. 
A newly-opened  flower  should  be  chosen,  and  one 
or  two  of  the  blue  hairs  must  be  removed  with  great 
care  and  placed  on  a slide  in  water  under  a glass  cover- 
slip.  The  hairs  are  seen  under  the  microscope  to  be 
composed  of  elongated  barrel-shaped  cells  disposed  in 
single  rows.  On  careful  focussing,  the  inner  wall  of  each 
cell  is  seen  to  be  lined  with  a layer  of  protoplasm,  thin 
in  some  regions,  heaped  up  in  others  (Fig.  i.  a).  In 
or  near  the  middle  of  the  cell  is  seen  the  nucleus,  a 
rounded,  more  opaque,  solid-looking  mass.  The  nucleus 
is  embedded  in  another  irregular  mass  of  protoplasm,  and 
from  this  to  the  layer  round  the  cell-wall  there  pass 
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delicate  strands  irregularly  arranged  and  often  blanching 
and  running  into  each  other.  In  this  netwoik  of  pioto- 
plasin  may  be  seen  granules  of  different  shapes  and  sizes  ; 


I. — a.  Cell  from  staminal  filament  of  Tradescanlia.  The  pro- 
toplasmic threads  are  light,  and  in  them  are  contained  the  nucleus  and 
chlorophyll  granules,  the  spaces  between  the  threads  are  filled  by 

coloured  cell  sap.  , , , , r r i 

t).  A White  or  Amoeboid  Corpuscle  from  the  blood  of  a frog  showing 

changes  of  shape  undergone  during  five  minutes, 
c.  Group  of  Veast-cells  e.xhibiting  active  budding. 


some  are  opaque,  some  readily  catch  the  light  if  one 
moves  the  mirror  of  the  microscope  backwards  and 
forwards.  When  the  eye  has  become  accustomed  to  the 
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scmi-lransparent  protoplasm,  it  maybe  seen  that  constant 
streaming  movements  take  place,  especially  in  the  fine 
strands  running  to  and  from  the  nucleus.  In  some  oi 
these,  the  protoplasm  and  granules  are  moving  towards 
the  nucleus,  in  others,  away  from  it ; while  occasionally  in 
the  same  strand  there  are  two  currents  passing  in  opposite 
directions.  In  this  restless  activity  the  shape  and  direc- 
tion of  the  strands  are  always  changing,  some  disappear, 
new  ones  arise,  the  cross  connections  break  down  and  are 
reformed  in  new  places,  and  the  whole  appearance  of  the 
network  changes  from  time  to  time.  Living  protoplasm 
moves. 

Another  kind  of  movement  can  be  seen  in  white  blood- 
corpuscles.  If  a drop  of  fresh  blood,  taken  from  a newt 
or  frog,  be  placed  on  a perfectly  clean  slide  and  covered 
by  a thin  cover-slip,  the  microscope  reveals  the  presence 
in  it  of  a number  of  large  oval  cells  with  regular  outline 
and  reddish  tinge.  But  among  these  may  be  seen  a less 
number  of  smaller,  irregularly  shaped,  transparent  masses 
of  protoplasm.  As  the  preparation  would  soon  dry  by 
evaporation,  if  unprotected,  a film  of  oil  should  be  drawn 
with  a brush  round  the  edge  of  the  cover-slip.  Then,  if 
we  watch  one  of  these  white  or  colourless  corpuscles,  we 
see  that  the  shape  slowly  changes  (Fig.  i.  /)).  At  first, 
most  probably,  it  appears  covered  with  delicate  prickles, 
which  are  really  extensions  of  the  protoplasm  of  the  cell. 
Sometimes  some  of  these  processes  lengthen,  become 
thicker,  and  even  may  bend  on  themselves.  A group 
of  processes  may  get  pushed  out  on  one  side,  while  those 
on  the  other  become  withdrawn.  Moreover  the  shape  of 
the  whole  cell  is  constantly  altering,  and  the  cell  itself 
slowly  creeps  or  moves  through  the  liquid  in  which  it  is 
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floating,  by  the  extension  of  processes  on  one  side,  and 
their  retraction  on  the  other.  Careful  focussing  shows 
that,  as  in  the  hair-cell  of  Tradescantia^  the  protoplasm 
appears  to  consist  of  a clearer  substance  with  granules 
imbedded  in  it,  and  both  clear  substance  and  the  granules 
share  in  the  streaming  movements.  In  this  case,  how- 
ever, the  movements,  instead  of  being  confined  within  a 
motionless  cell  wall,  cause  movement  through  space  of 
the  whole  cell.  This  second  kind  of  movement  is  called 
amoeboid,  and  the  processes  which  are  pushed  out  and  with- 
drawn are  named  pseudopodia.  With  other  forms  of 
protoplasmic  movement  the  student  will  become  familiar, 
but  these  two  forms  may  be  taken  as  sufficient  to  show 
the  fact  of  movement. 

The  movements  of  the  protoplasm  of  Tradescantia,  or 
of  the  white  corpuscles,  sometimes  cannot  be  seen  when 
the  preparation  has  just  been  made,  whereas  after  a few 
minutes  they  are  very  visible.  The  shock  of  removal  to 
the  glass  may  have  arrested  their  motion,  and  slight 
pressure  with  the  point  of  a needle  on  the  surface  of  the 
cover-slip  may  again  produce  quiescence,  while  activity  is 
resumed  if  the  stimulus  has  been  slight  enough  to  do  no 
damage.  Gentle  warmth  stimulates  the  movements  until 
about  45°  Cent,  has  been  reached,  when  all  movement 
ceases.  Electric  shocks,  and  the  application  of  many 
chemical  substances,  accelerate  the  movements.  All 
these  show  the  second  striking  fact  about  protoplasm — - 
that  it  is  irritable,  that  it  is  able  to  respond  to  stimuli. 
Besides  the  stimuli  mentioned,  a very  little  observation 
of  the  protoplasm  in  living  animals  and  plants  shows  that 
light,  food,  variations  in  the  fluids,  purity  or  impurity  of 
the  fluids  in  which  the  organisms  are  living,  serve 
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as  stimuli,  increasing  or  diminishing  protoplasmic  acti- 
vity. 

Next,  protoplasm  absorbs  food.  Sometimes,  as  with 
animals,  the  food  consists  of  the  bodies  of  other  animals 
and  of  plants  : sometimes,  as  in  most  plants,  the  food  is 
purely  inorganic.  The  details  of  the  nutrition  of  proto- 
plasm will  have  to  be  considered  later  on.  Protoplasm 
constantly  is  exchanging  gases  with  the  surrounding  air 
or  water  ; but  the  details  of  the  respiration  or  breathing 
of  protoplasm  must  also  be  treated  at  length  later.  As 
a result  of  feeding,  protoplasm  grows.  Sometimes,  as 
in  the  body  of  an  adult,  growth  is  only  sufficient  to 
keep  pace  with  the  waste  of  tissue  which  goes  on  in  all 
living  animals  and  plants.  But  in  the  greatest  number 
of  cases  growth  means  actual  increase  in  size.  The 
separate  cells,  however,  do  not  grow  indefinitely  large. 
After  a certain  size,  which  is  different  in  different  kinds 
of  cells,  a cell  on  the  point  of  overgrowth  giv^es  off  a bud 
which  grows  into  another  cell,  or  which  directly  divides 
into  two  daughter  cells.  If  we  examine  with  the  micro- 
scope some  of  the  white  frothy  substance  from  a brewer’s 
vat  called  yeast,  we  see  that  most  of  the  separate  round 
cells  which  have  been  floating  in  the  sweet  nutritious 
juices  in  the  vat  are  actively  budding  (Fig.  i.  c).  This 
is  the  simplest  kind  of  reproduction,  and  in  reality  is  a 
form  of  growth. 

Finally,  protoplasm  excretes,  or  turns  out  waste  pro- 
ducts. In  the  processes  of  life,  substances  generally 
coming  from  broken  down  protoplasm  are  extruded  by 
the  protoplasm.  Many  of  these  substances  are  soluble  in 
water,  and  are  turned  out  in  a watery  fluid.  The  actual 
occurrence  of  this  can  be  seen  beautifully  in  many  single- 
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Fig.  2.— a.  A Single-celled  Animal  (belonging  lo  the  Achietans  or 
suctorial  Protozoa)  with  delicate  spherical  cell-wall,  and  long  knobbed 
pseudopodia ; within  the  protoplasm  lies  a small  nucleus  and  a large 
contractile  vacuole. 

b.  The  same  ; the  contractile  vacuole  has  disappeared,  the  contents 
being  extruded  ; the  shrivelling  of  the  cell-wall  shows  the  loss  of  bulk 
undergone. 
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celled  animals.  If  one  takes  some  pond  or  ditch  water 
and  examines  it  under  a microscope,  many  small  animals 
and  plants  may  be  seen.  But  if  it  be  poured  overnight 
into  a flat  pan  in  which  two  or  three  clean  glass  slides 
have  been  placed,  a number  of  single-celled  organisms  will 
settle  down  on  the  slides  during  the  night.  If  these  slides 
be  lifted  out  carefully,  wiped  on  the  under  surface  and 
covered  with  a cover-slip,  one  can  hardly  miss  finding 
a minute  single-celled  animal,  from  the  spherical  wall  of 
which  there  radiate  out  a number  of  slender  knobbed 
pseudopodia.  The  protoplasm  is  clear  and  granular  : 
there  is  a small  nucleus  : but  most  obvious  is  a round 
spot  that  looks  empty,  and  that  has  a diameter  at  least 
half  the  diameter  of  the  whole  animal  (Fig.  2 a).  As  one 
looks  at  it,  it  suddenly  disappears  ; the  round  disc  of  the 
cell  becomes  shrivelled,  and  in  the  water  a little  whirl- 
pool is  seen  as  if  an^ily  liquid  had  been  squeezed  out 
(Fig.  2 b).  Slowly  the  spot  reappears,  gets  larger  and 
larger,  and  bursts  again,  and  in  a few  minutes  it  ma}-  be 
seen  to  fill  and  empty  sev^eral  times.  This  spot  is  called 
a contractile  vacuole,  and  a contractile  vacuole  is  the  most 
visible  form  of  protoplasmic  excretion.  In  most  cells  the 
process  of  excretion  goes  on  slowly  throughout  the  cell, 
and  no  special  vacuole  is  seen.  But  it  may  be  taken  for 
granted  that  excretion,  whether  visible  or  not,  goes  on  in 
all  protoplasm.  One  must  not  confound  it  with  the 
extrusion  of  solid  indigestible  particles — a process  which 
can  be  seen  in  some  living  cells — especially  animal  cells. 

Protoplasm,  then,  is  the  living,  s e mi- 
o p a q u e , jelly-like  substance  c o m ji  o s i n g 
the  bulk  of  the  living  cells  of  animals 
and  plants.  It  is  made  up  c h i e fl  y of 


PROTOPLASM 


I I 

water  and  of  the  chemical  substances 
known  as  p r o t e i d s , and  it  possesses  t li  e 
projrerties  of  — Movement,  Irritability, 
Feeding,  Respiration,  Growth  and  Repro- 
duction, Excretion. 

Under  high  magnification  it  may  be  seen  that  many 
of  tlie  granules  appear  like  the  crossing  points  of  a fine 
mesh-work,  and  that  protoplasm  apparently  consists  of 


Fio.  3. — Protoplasm  oi  Ania'ba  aclinophora. 

Pig.  4.  — Protoplasm  of  nucleus  \s  ith  part  of  surrounding  protoplasm 
from  ganglion  cell  of  an  ox.  (Prom  Putschli.) 


a firmer  mesh-work,  the  strands  01  which  are  refractive, 
and  a fluid  which  fills  the  interstices  of  the  mesh-work 
(Figs.  3 and  4).  Professor  ISutschli  has  shown  recently 
that  ati  artificially  produced  very  fine  froth  or  foam 
exhibits  under  the  microscope  precisely  the  same  ap- 
pearance (Fig.  5).  In  his  artificial  foams  the  minute 
bubbles  consisted  of  tiny  drops  of  a kind  of  soap  in  solu- 
tion, each  surrounded  by  a thin  film  of  oil.  When  a drop 
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of  ihis  foam  is  brought  in  contact  with  water,  streaming 
movements,  closely  resembling  the  movements  in  proto- 
plasm, are  produced  and  the  drop  of  foam  moves  slowly 


Eig.  5- — Eoam  of  Olive  Oil  and  Carbonate  of  Potassium,  very  viscous, 
much  magnilied  and  pressed  into  fibrils  by  the  cover-slip.  The  upper 
figure  is  a higher  magnification  of  part  of  the  lower  figure.  (Erom 
Butschli.) 

through  the  water.  It  is  therefore  quite  possible  that 
the  network  of  protoplasm  really  is  a fine  froth,  the 
strands  being  a fluid  surrounding  droplets  of  another 
fluid — the  apparently  more  liquid  part  of  protoplasm. 


CHAPTER  II 

THE  BUILDING  UP  OF  PROTOPLASM 
ROTOPLASM  and  substances  formed  by  it  are  the 


material  of  the  tissues  of  all  animals  and  plants  ; and 
all  animals  and  plants,  in  consequence  of  this,  have  the 
powers  of  Movement,  Irritability,  Feeding,  Respiration, 
Growth  and  Reproduction,  and  Excretion.  The  indi- 
vidual cells  of  the  animal  or  plant  bodies  may  be  built 
up  into  complicated  tissues  and  organs  which  serve 
special  purposes,  and  in  the  elaborate  systems  of  higher 
animals  and  plants  these  tissues  and  organs  may  assist, 
or  regulate,  or  interfere  with  each  other’s  work.  But,  in 
every  case,  the  actual  work  done  is  done  by  individual 
cells,  and  the  result  that  we  see  is  the  combined  work 
of  the  large  number  of  individual  cells  present  in  the 
organs.  For  instance,  the  hands  may  take  food  to  the 
mouth,  the  teeth  chew  it,  the  muscles  of  the  tongue  and 
mouth  and  gullet  force  it  down  ; but  it  is  ultimately 
the  individual  cells  lining  the  intestines  that  absorb  and 
really  eat  the  meal.  Similarly  all  the  powers  of  animals 
or  plants  can  be  traced  down  to  individual  cells,  down  to 
protoplasm  itself. 

Practically,  then,  the  living  world  is  protoplasm.  In 
the  processes  of  life,  protoplasm  is  constantly  being  used 
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up.  A starved  organism  loses  in  weight,  and  even  while 
food  is  abundant,  protoplasm  is  constantly  being  broken 
down.  When  an  animal  or  plant  dies  and  decays,  proto- 
plasm is  destroyed.  How,  then,  is  this  substance  built 
up  from  the  inorganic  materials  in  the  world  ? 

If  we  consider  the  food-supply  of  the  land,  it  is 
clear  that  flesh-eating  animals  practically  only  turn 
the  protoplasm  of  their  prey  into  their  own  proto- 
plasm, and  that  their  life  is  dependent  on  the  life  of 
other  animals.  Animals  with  an  omnivorous  diet  live 
partly  on  animal  protoplasm,  partly  on  the  tissues  of 
plants.  Other  animals  live  entirely  on  plants.  If,  seeking 
an  answer  to  our  problem,  we  turn  to  plants,  we  can 
dismiss  many  which,  like  moulds  and  fungi,  live  on 
living  or  decaying  organic  matter,  and  we  are  left  with 
the  green  vegetation  of  the  earth.  The  food  supply  of 
the  sea  is  less  easy  to  understand.  The  vast  majority 
of  marine  animals  are  predatory.  Most  seabirds  are 
fish-eaters  ; most  fish  live  on  other  fish,  or  on  small 
swimming  animals  like  the  larvae  of  Crustacea  which 
abound  in  the  waters.  Others  live  on  the  shellfish  of 
the  bottom,  or  on  worms  and  anemones  and  coral  polyps. 
Most  of  these  lower  forms  of  life  are  themselves  carnivo- 
rous, and  at  first  sight  it  seems  as  if  there  was  no  answer 
to  our  problem.  The  amount  of  floating  seaweed  or  the 
seaweed  round  the  coasts  is  not  nearly  enough  to  replace 
the  vegetation  of  the  land.  Some  debris  comes  down 
from  the  land  ; the  sewage  in  the  Thames,  for  instance, 
ultimately  supplies  food  for  the  rich  fishing  stations  oil 
Yarmouth  or  on  the  Dogger  bank  ; the  sewage  of  the 
Clyde  fattens  the  herrings  of  Loch  Fyne.  But  the 
greater  part  of  the  open  sea  is  not  supplied  with  organic 
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remains  from  the  land.  If,  however,  we  examine  a 
bucket  of  surface  water  there  are  to  be  found  in  it 
innumerable  microscopic  plants,  and  these,  like  the  green 
vegetation  of  the  earth,  form  the  first  stage  in  the  build- 
ing up  of  protoplasm  ; and  like  most  plants  with  which 
we  are  familiar,  very  many  of  these  minute  plants  have 
a green  colour.  The  starting-point  of  the  food  supply 
of  land  and  sea  is  green  vegetation.  The  formation  of 
protoplasm  from  inorganic  materials  depends  on  the 
substance  to  which  this  green  colouring  is  due,  and 
which  is  called  Chlorophyll  (green  of  leaf).  If  some 
green  leaves  are  soaked  in  alcohol,  the  green  colouring 
matter  is  dissolved  and  forms  a clear  solution,  bright 
green  in  colour.  This  solution  is  fluorescent^  for  it  is 
green  when  the  light  shines  through  it,  but  the  colour 
appears  red  under  a strong  reflected  light. 

When  examined  under  the  spectroscope  it  is  seen  to 
remove  part  of  the  red,  but  the  whole  of  the  blue  and 
violet  rays.  There  probably  is  a connection  between 
this  large  absorption  of  radiant  energy  and  the  striking 
functions  of  chlorophyll.  Every  living  cell  containing 
chlorophyll  in  the  presence  of  sunlight  performs  chemical 
work.  It  absorbs  carbonic  acid  from  the  air,  tears  apart 
the  carbon  and  oxygen,  and  the  oxygen  is  returned  to 
the  air.  The  carbon  is  not  retained  as  pure  carbon,  but, 
probably  in  the  act  of  being  separated  from  the  carbonic 
acid,  is  associated  with  hydrogen  and  oxygen  in  the  form 
of  a simple  carbohydrate — that  is,  a compound  of  carbon, 
hydrogen,  and  oxygen,  in  which  the  hydrogen  and 
oxygen  are  in  the  same  proportion  as  they  are  in  water 
[C^H.O)^]. 

This  leads  to  another  striking  fact.  Carbon  combines 
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readily  with  oxygen,  and  in  the  process  sets  free  energy 
in  the  form  of  heat.  What  then  takes  place  in  plants,  by 
the  agency  of  chlorophyll,  is  a turning  of  radiant  energy 
of  sunlight  into  potential  energy  ; the  radiant  energy  is 
stored  up  in  the  form  of  a chemical  compound  of  such 
a kind  that,  by  union  with  free  oxygen,  it  will  liberate  the 
energy  again. 

From  one  point  of  view  plants  and  animals,  or  the 
protoplasm  of  which  they  consist,  may  be  regarded  as 
centres  of  force,  as  things  capable  of  doing  work  ; and 
here,  as  the  secret  of  their  food-supply,  as  the  first  stage 
in  the  building  up  of  protoplasm,  is  to  be  found  a supply 
of  energy,  a means  by  which  the  radiant  energy  of  sun- 
light is  stored  up  in  a form  which  can  be  used.  The 
plants  which  possess  chlorophyll  store  up  the  energy  . 
the  animals  which  feed  upon  plants  use  this  store  for 
their  own  lives,  but  retain  enough  in  their  own  bodies 
to  serve  for  the  carnivorous  animals  which  eat  them. 
Carbon  or  Carbohydrates,  when  supplied  with  oxygen, 
form  carbonic  acid,  and  give  out  energy  as  heat.  Although 
the  chemical  details  of  the  processes  of  life  what  is  called 
the  metaholism  of  protoplasm — are  very  complicated,  it 
may  be  said  generally  that  protoplasm  takes  in  oxygen, 
performs  the  work  of  lite,  and  gives  out  cai  bonic  acid  , 
and  that  it  is  enabled  to  do  this  by  the  capacity  chloro- 
phyll has  for  absorbing  the  energy  of  sunlight  and  storing 
it  up  in  the  form  of  carbon  compounds  with  less  oxygen 
than  the  proportion  in  carbonic  acid  (CO,). 
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Protococcus  ' and  Spirogyra 

'"T^'IIE  bark  of  trees  and  the  surfaces  of  palings  are 
i frequently  covered  by  a green  layer,  which  conies  olT 
as  a green  powder  if  the  finger  or  the  sleeve  of  one’s  coat 

' The  name  Protococcus  has  been  applied  both  to  the  resting  and  to 
the  motile  phases  of  two  plants  : 

Pleurococcus  vulgaris. 

Synon  yms — Protococcus  vulgaris. 

Protococc us  com mun is . 

Hicmatococcus  vulgaris. 

This  is  the  green  alga  occurring  abundantly  on  the  bark  of  trees,  old 
palings,  tvc.  It  has  a resting  and  a gonidial  phase ; the  latter,  when  in 
water,  is  ciliated,  and  both  red  and  green  colour  may  occur  in  the  same 
jilant,  streaked  or  aggregated. 

Protococcus  pluvialis,  Kutz.  = Chlamydococctts  pluz’ialis,  Br. 

This  is  a very  variable  plant  occurring  in  water,  and  having  a motile 
generation  usually  succeeded  by  an  indefinite  number  of  (juiescent 
forms.  It  is  usually  relegated  to  the  Volvociuetc. 

The  quiescent  stage  obtained  from  bark,  &c. , is  Pleurococcus  ; that 
from  water  is  Protococcus : the  motile  stages  in  water  may  belong  to 
either. 
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be  rubbed  against  it.  Shake  a very  small  quantity  of  this 
gieen  powder  on  a glass  slide  ; cover  with  a drop  of 
water  and  a glass  cover-slip,  and  examine  under  a higher 
power  of  the  microscope.  1 he  powder  will  appear  as  a 
number  of  cells  with  green -coloured  contents,  occurring 
sometimes  solitarily,  but  more  often  in  groups  of  two, 
four,  or  more  (Fig.  6,  a and  b).  This  occurrence  in 

— groups  is  due  to  divi- 


'Wm,- 


a 


b 


Fig.  6. — a.  and  b.  Pleurococats.  a. 
Four  cells  in  the  natural  condition  much 
enlarged,  b.  .Single  cell  stained  to 
show  the  nucleus  in  the  centre  sur- 
rounded hy  the  chromatophores  which 
are  separated  from  the  cell-wall  by  a 
short  space.  c.  Resting  Stage,  d. 
Motile  Stage  of  Protococcus,  showing 
pyrenoids  as  white  spots. 


sion  ; the  plant  has 
been  feeding  and  grow- 
ing actively,  and  divi- 
sion of  a cell  into  two, 
and  of  each  of  the  two 
into  another  two,  is  in 
active  progress.  The 
daughter  cells  gradu- 
ally become  rounded 
and  separate  from  each 


other, 

stages 


various 


and 

in  this  process 
be  observed. 


a single  large 


may 
Select 

cell  for  special  exami- 
nation. The  cell  is  surrounded  by  a definite  tran- 
sparent cell-wall,  sufficiently  thick  to  show  a double 
contour.  The  green  contents  of  the  cell  are  not  per- 
fectly uniform,  but  the  green  colouring  matter  (chloro- 
phyll) is  confined  to  a number  of  small,  irregular  bodies, 
named  chromatophores.  These  are  tightly  packed  to- 
gether, and  fill  up  the  greater  part  of  the  cell  ; but  here 
and  there,  especially  in  the  centre  and  round  the  circum- 
ference, the  clear  transparent  cell-protoplasm,  in  which 
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they  are  embedded,  may  be  observed.  If  a few  drops 
of  iodine  solution  be  run  under  the  cover-slip,  the  chro- 
matophores  and  the  protoplasm  become  more  distinct, 
and,  in  the  clear  central  space,  the  nucleus,  a small, 
semi-opaque  body  almost  invisible  before,  becomes  appa- 
rent. The  cell-wall,  like  the  nucleus  and  protoplasm,  is 
tinged  pale  brown  by  the  iodine.  If  some  cells  be  allowed 
to  soak  in  strong  iodine  solution  for  a few  minutes,  and 
then  be  transferred  to  sulphuric  acid  (75  per  cent,  solu- 
tion), the  brown  of  the  wall  turns  to  a dark  blue.  This 
is  a characteristic  test  for  a substance  closely  allied  to 
starch  and  sugar,  called  cellulose,  which  forms  the  cell- 
wall  of  most  plant  cells. 

When  these  green  cells  are  kept  in  rain-water,  exposed 
to  light,  for  some  days,  they  give  rise  to  a motile  form. 
Drops  of  the  water,  taken  from  time  to  time,  should  be 
examined  under  a cover-slip  with  the  higher  power  of 
the  microscope  until  small  green  cells,  actively  moving 
about,  are  observed.  In  these  the  cell-wall  is  thinner, 
and  the  chromatophores,  compared  with  the  colourless 
protoplasm,  have  a smaller  bulk  than  in  the  resting 
phase.  The  cells  are  slightly  elongate,  and  move  with 
the  same  end  forwards.  At  this  end  a pair  of  delicate 
processes,  nearly  invisible  until  the  cell  has  been  killed 
and  stained  by  iodine,  protrude  from  the  protoplasm 
through  the  cell-wall.  They  are  termed  cilia,  and  it  is 
by  their  rapid  twisting  vibrations  that  the  cell  is  screwed 
or  pulled  through  the  water. 

In  the  mud  from  a rain-gutter,  or  in  the  semi-liquid 
scum  from  a rain-water  tank  exposed  to  air,  a similar 
plant,  also  commonly  called  ProtococcuSj  is  abundant. 
Some  of  this  mud  or  scum  should  be  mixed  with  a small 
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quantity  of  water,  and  drops  of  the  fluid  examined  in 
the  same  manner  as  tlie  green  powder  from  the  bark. 
Among  the  many  small  organisms  present,  there  may  be 
a number  of  isolated  round  cells,  coloured  green  or  brown, 
and  possessing  a thick  cellulose  cell-wall  (Fig.  6,  c).  The 
contents  consist  of  protoplasm,  chromatophores,  and  a 
nucleus,  and  the  cells  are  the  resting  stages  of  Proto- 
coccus.  The  colour  of  the  chromatophores  usually  is 
green,  and  is  due  to  chloroj^hyll  ; but  it  may  also  be  red, 
or  green  streaked  with  red.  The  red  colour  is  due  to 
a modification  of  chlorophyll  called  haematochrome  ; but 
apparently  the  use  of  the  material,  whether  red  or 
green,  is  identical.  Embedded  in  the  chromatophores  are 
numerous  small  ovoid  bodies,  which  catch  the  light 
sharply  if  the  mirror  under  the  microscope  be  flashed  to 
and  fro.  ^Vhen  the  plant  is  treated  with  iodine,  these 
bodies  stain  a dark  blue.  They  have  been  found  to  con- 
sist of  a proteid  substance,  covered  by  a thin  layer  of 
starch,  and  are  called  pyrenoids.  They  do  not  occur  in 
the  green  plant  obtained  from  the  bark  of  trees. 

Occasionally  the  resting  stage  may  be  seen  to  be  di\'iding 
within  the  cell-wall.  The  contents  of  the  cell  break  up 
into  two,  and  then  into  four,  and  then  the  cell-wall 
breaks,  and  the  results  of  division  emerge  as  tiny  elon- 
gate cells,  which  move  actively  about.  But  if  the  actual 
process  of  division  be  not  seen  in  the  water  containing 
the  resting  forms,  resulting  motile  forms  are  certain  to 
be  noticed  (Fig.  6.  d).  These  move  steadily  through  the 
water,  with  one  end  directed  forwards.  In  the  active 
condition,  the  chief  difiference  from  the  resting  condition 
appears  to  he  that  the  cell-wall  is  very  thin,  and  is  some 
distance  from  the  coloured  contents.  Rut  if  a drop  of 
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solution  of  iodine  be  added  to  the  water,  movement 
becomes  slower  and  finally  ceases.  The  cause  of  the 
movement  can  be  seen  in  two  long  thin  colourless 
threads,  each  larger  than  the  length  of  the  cell.  These 
“ flagella,”  or  “ cilia,”  project  from  the  cell  contents  at 
one  end,  cross  the  interval  between  the  cell  contents  and 
the  cell-wall,  and  project  through  that,  and  by  tbeir 
waving  vibrations  pull  the  animal  through  the  water. 
However  long  I^rotococc us ^ in  any  of  its  forms,  be  watched, 
it  is  never  seen  to  take  in  or  to  pass  out  any  solid  particles. 
The  firm  structure  of  the  cell-wall  would  render  this 
impossible.  It  must  liv^e  on  substances  either  in  a state 
of  solution  in  water  or  in  a gaseous  condition.  Either 
directly  from  the  air  or  from  the  rain-water,  in  which  a 
certain  quantity  of  air  is  always  dissolved, has 
access  to  oxygen,  carbonic  acid,  and  nitrogen.  The  rain- 
water in  which  the  motile  phases  live,  or  the  damp 
situations  where  resting  phases  occur,  contain  nitrates, 
ammonia,  frequently  common  salt,  and  small  quantities 
of  sulphates  and  phosphates — chiefly  of  lime.  Thus  all 
the  materials  for  protoplasm  are  present  ; and  as  Proto- 
coccus grows  and  multiplies,  it  has  the  power  of  building 
up  protoplasm  from  them.  When  a quantity  of  Proto- 
coccus is  exposed  to  sunlight  in,  for  instance,  a very 
slender  test-tube  filled  with  water  and  inverted  in  a 
saucer  of  water,  bubbles  of  gas  are  given  off  ; and  when 
a sufficient  quantity  has  been  collected,  the  gas  may  be 
proved  to  be  oxygen.  This  oxygen  comes  from  the  carbon 
dioxide  of  the  air  decomposed  by  the  sunlight  and  chloro- 
phyll. The  stages  in  the  combination  of  the  carbon  into 
proteids  and  protoplasm  are  matters  of  theory.  Many 
simple  compounds  of  carbon,  hydrogen,  nitrogen,  and 
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oxygen  occur  in  plants,  and  these  ma}'  be  stages  in  the 
elaboration  of  protoplasm.  But  protoplasm  is  formed, 
for  J^rotococciis  grows.  It  is  not  even  certain  where  the 
nitrogen  comes  from.  In  the  majority  of  plants  the 
nitrogen  of  the  air  is  not  made  use  of  directly,  but  is 
obtained  only  from  salts — chiell}''  nitrates.  Some  plants 
— and  among  them  some  green  single-celled  plants  like 
Protococens — do  make  use  of  free  nitrogen. 

It  is  by  the  breaking  down  of  protoplasm  that  energy, 
absorbed  from  sunlight  through  the  agency  of  chlorophyll, 
is  liberated  for  the  vital  processes  of  the  plant.  And  so 
there  are  to  be  found  in  cells  like  J^rntococcus  various  sub- 
stances derived  from  protoplasm,  but  with  a simpler 
structure.  Some  of  these  are  clearly  useful.  The  cellu- 
lose cell- wall  is  very  indestructible,  and  protects  the 
delicate  protoplasm  and  gives  it  some  rigidit}’.  The 
pyrenoids  may  serve  as  a store  of  nutriment.  When  the 
plants  are  in  darkness,  they  are  unable  to  decompose 
carbonic  acid,  and — certainly  in  the  case  of  higher  plants 
— starch,  formed  in  sunlight,  disappears  in  darkness. 
There  are  also  nitrogen-containing  substances  formed  b\* 
protoplasm,  and  these  substances  appear  to  be  harmful  if 
retained  within  it.  Where  a pulsating  vacuole  exists,  it 
serves  for  their  removal  in  a state  of  solution  in  water. 
In  other  cases  they  pass  out  through  the  cell-wall,  or  arc 
stored  up  as  concretions. 

Without  attempting  to  go  into  obscure  and  disputed 
details,  one  may  lay  down  that  o.xygen  is  used  in  these 
changes  of  protoplasm,  and  that  more  oxygen  is  combined 
with  the  substances  formed  by  protoplasm  than  with  the 
substances  of  which  protoplasm  consists.  In  other  words, 
the  processes  of  life  take  place  by  an  oxidisation  of  proto- 
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plasm.  The  oxidised  substances  are  the  ashes  of  the 
furnace  ; some  of  them,  because  they  choke  the  fire, 
must  be  removed  ; some  may  be  turned  to  account,  as, 
for  instance,  to  strengthen  the  walls  of  the  furnace  ; 
others — those  which  are  not  completely  burnt  up — may 
be  stored  to  use  when  fuel  is  difficult  to  obtain.  The 
removal  of  purely  waste  substances  from  protoplasm  is 
called  “excretion’’  ; the  formation  of  useful  substances 
is  called  “ secretion  ” ; but  these  two  grade  into  each 
other,  and  probably  all  secretions  were  at  first  excretions. 
Among  the  chief  excretions  of  protoplasm  are  water  and 
carbonic  acid.  In  the  case  of  green  plants,  the  proto- 
plasmic excretion  of  carbonic  acid  and  absorption  of 
oxygen  during  sunlight  is  disguised  by  the  greater  activity 
of  chlorophyll — using  up  carbonic  acid  and  discharging 
oxygen. 

Many  other  green  plants  live  under  conditions  similar 
to  those  of  Protococais.  In  summer,  ponds  and  lakes  and 
fresh-water  streams  gradually  become  fuller  and  fuller  of 
them.  In  fresh  water  which  is  moderately  clear,  among 
the  floating  green  weeds  one  may  pick  up  handfuls  of 
green  threads,  which  feel  silky  and  slippery.  Among 
these  green  threads  it  is  easy  to  pick  out  with  the  micro- 
scope the  plant  known  as  Spi'rogyra.  For  that  plant  has 
the  chlorophyll,  to  which  the  colour  is  due,  arranged  in 
spiral  bands  wound  round  and  round  within  the  colour- 
less thread.  The  thread  consists  of  a number  of  cylin- 
drical cells  of  different  lengths,  arranged  end  to  end  (Fig. 
7,  a and  h).  The  threads  never  branch,  and  the  diameter 
is  constant  along  the  thread.  Except  for  difference  in 
the  length  of  the  cells,  the  thread,  whether  long  or  short, 
has  the  same  appearance  throughout  its  length.  The 
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threads  are  unattaclied  and  motionless,  forming  floating 
masses  in  water.  The  cell-walls  are  colourless  and  trans- 
parent, and  a common  wall  separates  cells  lying  next 
each  other  in  the  threads. 


P'lG.  7. — Spirogyra.  a.  I’art  of  a filament  highly  magnified  showing 
a single  cell  with  the  ends  of  adjoining  cells.  The  cell-wall  is  lined  by 
a thin  colourless  layer  of  }noto])lasm  from  which  threads  run  to  the 
protoj)lasm  surrounding  the  nucleus  and  to  the  chromatophore,  which 
is  a green  band  wound  round  the  interior  of  the  cell  and  containing 
pyrenoids. 

b,  c,  d,  e.  Stages  in  conjugation,  b.  Adjoining  filaments  with  jiro- 
cesses  growing  out  from  ojiposite  cells;  c,  d,  e.  Two  cells  in  which  the 
chromatophores  have  broken  up  and  the  protojdasm  has  aggregated 
into  lumps  ; at  c and  d the  protoplasm  of  one  cell  is  passing  into  that 
of  the  other  ; at  e the  ]irotoplasm  of  both  cells  has  fused  to  form  a 
spore  in  one  of  them. 

The  spiral  bands  vary  in  number,  and  in  the  tightness 
of  the  coils,  in  different  species.  They  are  similar  to  the 
green  masses  in  Protococens  and  like  them  are  chromato- 
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phores — masses  of  protoplasm  impregnated  by  chlorophyll. 
Embedded  in  the  chromatophores  are  a varying  number 
of  clear  bodies  like  crystals  consisting  of  a central 
proteid  substance  covered  by  a layer  of  small  starch 
grains,  the  pyrenoids.  In  cells  where  the  green  coils  are 
loosely  arranged  so  that  they  do  not  obscure  the  rest  of 
the  cell,  streaming  threads  of  granular  protoplasm  may  be 
seen,  as  in  Trndcscantia^  passing  from  a central  body  of 
protoplasm  containing  a nucleus,  to  a thin  layer  lining 
the  cell  walls.  Other  streaming  threads  pass  from  the 
nucleus  to  the  chromatophores.  Treatment  with  re- 
agents is  necessary  to  complete  the  examination.  If 
solution  of  iodine  be  run  into  the  water  under  the  cover- 
slip,  the  starch  grains  surrounding  the  pyrenoids  are 
stained  blue  ; the  protoplasmic  threads  and  the  nucleus 
become  tinged  with  brown.  Iodine  and  sulphuric  acid, 
by  tinging  the  cell-wall  blue,  show  that,  as  in  Protococcus 
and  in  most  vegetable  cells,  it  is  composed  of  cellulose. 

Very  often  the  protoplasm  lining  the  cell-Avall  is  in- 
visible, while  the  cell  is  alive.  If  a ten-per  cent  solution 
of  common  salt  be  run  under  the  cover-slip,  water  is 
absorbed  from  the  cell  contents,  and  the  protoplasm 
.shrinks,  leaving  a clear  space  between  itself  and  the 
cell-wall. 

Protoplasm  is  so  colourless  that  it  is  not  seen  readily 
under  the  microscope.  It  contains  many  substances 
which  are  different  in  their  functions  but  which,  at  least 
in  the  living  cell,  cannot  be  distinguished.  For  these 
reasons,  elaborate  methods  of  staining  are  required  for 
microscopical  investigation.  The  methods  are  compli- 
cated and  very  numerous,  but  they  depend  on  the  fact 
that  the  different  substances,  however  alike  in  appear- 
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ance,  have  i)hysical  or  chemical  differences  which  cause  a 
diHercnce  in  tlie  kind  or  amount  of  colouring  which  is 
absorbed  from  stains.  A great  part  of  microscopical  work 
consists  in  the  careful  selection  and  application  of  stains, 
to  pick  out  the  slightest  differences  in  the  protoplasm. 
But  simple  methods  will  show  much.  If  some  Spirogyra 
be  placed  for  twelve  hours  in  a saturated  solution  of 
picric  acid,  the  protoplasm  is  killed  and  hardened 
{^\fixcd"  is  the  technical  term),  and  the  chlorophyll  is 
dissolved  out.  The  threads,  or  small  pieces  of  them, 
should  then  be  washed  thoroughly  in  distilled  water  to 
remove  the  acid,  which  has  done  its  work.  The  threads 
will  now  readily  be  coloured  red  by  a solution  of  bora.x 
carmine.  When  they  have  been  soaked  for  nearly  an 
hour  in  that,  they  should  be  placed  for  a few  seconds  in 
alcohol  slightly  acidified  by  hydrochloric  acid.  The  acid- 
alcohol  appears  to  dissolve  out  the  greater  part  of  the 
stain,  but  it  has  a stronger  action  upon  some  parts  of  the 
protoplasm  than  upon  others.  The  acid-alcohol  must  be 
washed  out  with  neutral  alcohol  and  pieces  of  the  stained 
plant  may  be  examined  on  a slide  in  a drop  of  glycerine, 
covered  by  a slip.  But  it  is  better  to  place  a small  piece 
in  alcohol  on  a slide  ; to  soak  up  most  of  the  alcohol  with 
the  edge  of  a piece  of  blotting  paper  ; to  replace  it  by 
stronger  alcohol  ; and  after  a few  minutes  soaking  to 
replace  by  absolute  alcohol  : after  a similar  interval  to 
replace  by  oil  of  cloves  or  chloroform  : and  finally  to 
replace  by  canada-balsam  dissolved  in  benzine  or  chloro- 
form. A cover-slip  having  been  placed  on  the  balsam 
while  it  is  still  liquid,  the  benzine  or  chloroform  slowly 
evaporates  and  a permanent  transparent  preparation  has 
been  made. 
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In  such  a preparation  the  protoplasm  is  tinged  pink. 
It  can  be  seen  to  consist  of  a layer  lining  the  cell-wall  and 
connected  by  strands  with  a central  mass  of  protoplasm. 
This  again  is  connected  by  strands  with  the  spiral  proto- 
plasmic bands,  which,  impregnated  during  life  with 
chlorophyll,  composed  the  chromatophores.  The  proteid 
part  of  the  pyrenoids  is  stained  darker  red,  and  the 
nucleus  also  is  stained  more  darkly  than  the  rest  of  the 
protoplasm.  In  a young  cell  the  protoplasmic  layers  and 
strands  are  larger  relatively  to  the  size  of  the  cell,  than 
in  an  older  cell.  The  cell,  in  fact,  seems  to  be  filled  with 
protoplasm  in  which  there  are  irregularly  placed  cavities. 
In  the  living  condition  the  cavities  are  filled  with  cell-sap, 
a watery  solution  frequently  coloured,  and  containing 
sugar  and  various  soluble  bodies.  As  the  cell  grows 
older  the  cavities  or  vacuoles  increase  in  size,  and  the 
strands  and  outer  layer  become  thinner  and  thinner  until 
the  adult  condition  is  reached.  In  that  condition  the 
thin  layer  of  protoplasm  lining  the  wall  is  called  the 
primordial  utricle. 

In  the  stained  specimen  it  may  be  seen  that  the 
nucleus  is  a biconcave  disc  so  placed  that  the  faces  of  the 
disc  are  parallel  with  the  ends  of  the  cell.  The  shape  of 
the  nucleus  varies  in  the  cells  of  different  plants  or 
animals,  in  different  kinds  of  cells  in  the  same  organism, 
and  even  in  the  same  cells  at  different  times.  Within 
the  nucleus,  darkly  stained  particles  are  visible  ; fre- 
quently there  is  one  larger  than  the  other,  called  the 
nucleolus.  The  presence  within  the  nucleus  of  a sub- 
stance which  stains  more  deeply  than  the  protoplasm  is 
invariable  in  plants  and  animals,  and  this  substance  from 
its  greater  capacity  for  absorbing  stains  is  named  chro- 
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matin.  The  chromalin  may  be  arranged  as  a coiled 
band,  in  nodides,  or  in  particles  so  fine  as  to  elude  obser- 
vation. During  the  division  of  cells,  definite  and  striking 
changes  occur  in  the  arrangement  of  the  chromatin,  and 
there  is  strong  reason  for  believing  that  this  substance  is 
the  seat  of  many  important  properties  of  cells,  and 
especially  those  properties  that  give  cells  their  individual 
features.  If,  for  instance,  the  chromatin  of  two  kinds  of 
Spirogyra  could  be  interchanged,  it  is  very  probable  that 
those  differences  by  which  we  distinguish  the  kinds  of 
Spirogyra  would  also  be  interchanged.  As  we  shall  see 
later,  the  chromatin  is  concerned  speciallv  in  sexual 
reproduction,  in  which  process  cells  from  two  parents 
combine  to  form  a new  individual. 

By  day,  Spirogyra  like  Protococcus  rapidly  assimilates 
food,  and  at  night,  if  the  temperature  is  not  too  low  for 
vital  processes  to  go  on  actively,  the  starch  grains  formed 
by  day  disappear,  and  an  exceedingly  active  growth  of 
protoplasm  takes  place.  When  cells  have  reached  their 
maximum  limit  of  size  they  divide.  By  artificially  keep- 
ing the  temperature  low  at  night,  this  change  may  be 
retarded  until  morning,  and  may  thus  conveniently  be 
studied.  Fir.st,  the  nucleus  divides,  going  through  a com- 
plicated process  known  as  Kaiyokinesis  (,'^ee  Chapter  XI), 
and  the  two  daughter-nuclei  withdraw  from  each  other 
towards  opposite  ends  of  the  cell,  'fhen  the  protoplasm 
of  the  cell,  with  the  chromatophores,  divides  in  two,  and 
in  the  middle  of  the  cell  a new  cell-wall  gradually  grows 
in  all  round  the  cylinder,  finally  completing  itself  at  the 
centre  and  separating  the  two  halves  of  the  protoplasm 
and  the  two  daughter-nuclei,  so  that  there  arc  two  cells 
in  place  of  the  original  cell.  In  the  nuclear  division  the 
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chromatin  first  broke  up  into  small  pieces,  and  these 
pieces  each  divided,  a half  passing  to  each  daughter 
nucleus,  so  that  a very  fair  division  takes  place  between 
the  two  cells,  and  no  distinction  can  be  drawn  between 
them — as,  for  instance,  of  mother-cell  and  daughter-cell. 

All  the  cells  in  the  thread  are  capable  of  division,  and 
so  the  thread  may  beconre  very  long.  But,  however 
many  cells  it  may  contain,  the  cells  remain  alike.  The 
growth  of  all  animals  and  plants  which  consist  of  more 
than  one  cell  takes  place  by  cell  multiplication.  In 
adult  tissues  the  multiplication  for  the  most  part  is,  as  in 
Spirogyra^  a division  into  daughter-cells  exactly  like  the 
dividing  cell. 

Cell-growth  and  c e 1 1 - d i v i si  0 n,  then,  take 
place  when  conditions  are  favourable; 
when  daylight  is  long  and  the  assimila- 
tion of  food  rapid,  and  when  the  nights 
are  not  too  cold,  and  the  ponds  and  lakes  rapidly 
fill  with  the  green  weed.  But  when  the  heat  is  too 
great  so  that  the  water  is  evaporating,  or  when  food  is 
insufficient,  in  fact,  when  conditions  are  unfavourable, 
another  process  takes  place.  In  a mass  of  Spirogyra, 
under  such  unfavourable  conditions,  one  may  feel  that 
some  of  the  threads  are  tangled  and  gritty.  Under  the 
microscope  it  may  be  seen  that  here  and  there,  in  the 
tangled  mass,  connections  between  the  cells  in  different 
threads  exist.  A little  search  reveals  various  stages  in 
the  formation  and  result  of  these  connections  (Fig.  7. 
c,  t’).  In  threads  lying  parallel  to  each  other,  opposite 
cells  send  out  blunt  rounded  processes  of  protoplasm 
covered  by  the  cell-wall  towards  each  other  (Fig.  7.  /;). 
The  whole  of  the  protoplasm  in  each  cell  shrinks  from 
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the  cell-wall  and  becomes  rounded  (Fig.  7.  c).  The  two 
processes  meet,  the  piece  of  cell-wall  between  them  dis- 
appears, and  the  protoplasm  from  the  cell  that  becomes 
round  more  rapidly  leaves  its  own  cell,  creeps  down  the 
connecting-tube  and  fuses  with  the  protoplasm  of  the 
other  cell.  The  nuclei  and  the  protoplasms  completely 
fuse.  The  new  mass  of  protoplasm  remains  rounded  ; a 
very  thick  stratified  cell-wall  forms,  and  the  resulting 
body  is  a resting  zygote  or  zygospore.  The  wall  is  com- 
posed of  three  layers,  of  which  the  inner  can  resist  water. 
The  starch  in  the  protoplasm  is  absorbed,  and  oil  globules 
slowly  appear  in  the  protoplasm.  It  can  resist  the  action 
of  untoward  influences  much  longer  than  the  cells  of  the 
plant.  The  thick  wall  protects  it  against  drought  or 
cold,  and  it  is  this  form  that  survives  through  winter. 
In  spring,  or  in  favourable  conditions,  the  outer  coats 
rupture,  and  the  protoplasm,  protected  by  the  inner 
layer,  grows  into  a Spirogyra  thread  of  the  ordinary 
vegetative  kind. 

This  union  of  the  protoplasm  of  two  cells  under  un- 
favourable conditions  is  called  conjugation,  and  it  is  a 
process  of  frequent  occurrence  among  unicellular  plants 
and  animals.  At  first  sight  the  utility  of  the  process 
seems  to  consist  in  the  union  of  the  forces  of  the  two 
cells,  to  resist  the  drought  or  cold,  or  starvation  period. 
But  another  consequence  of  far-reaching  importance  fol- 
lows. The  resting-spore,  or  cell  resulting  from  the  union 
of  the  two  cells,  unites  the  slightly  varying  experiences  of 
the  two  cells.  If  there  were  a method  of  rejecting  the  worse 
half  of  each  cell  and  forming  the  new  cell  from  the  better 
halves  it  would  result  that  the  new  cell  would  be  an 
improvement  on  either  of  its  predecessors.  There  is  no 
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sufficient  reason  to  suppose  that  this  happens  ; but 
before  the  nuclei  of  the  conjugating  cells  fuse,  a part  of 
the  chromatin  of  each  nucleus  is  turned  out,  and  only 
the  remainders  actually  fuse.  If,  as  is  probably  true,  the 
chromatin  is  the  bearer  or  carrier  of  the  chief  tendencies 
of  the  cell,  it  is  clear  that  the  nucleus  of  the  new  cell 
contains  tendencies  coming  from  both  conjugating  cells. 
Among  the  multitude  of  threads  growing  out  from 
resting  spores  formed  by  conjugation,  even  if  the  parts 
of  chromatin  selected  and  rejected  were  selected  and 
rejected  by  chance,  a very  large  number  of  different 
combinations  would  result.  In  the  subsequent  struggle 
for  life  the  most  suitable  combinations  would  succeed 
best ; the  least  suitable  would  perish  soonest.  And  so 
conjugation  may  be  a method  of  securing  variation,  and 
by  competition  among  the  varying  forms  it  may  lead  to 
gradual  improvement  or  alteration  in  the  organisms. 

There  is  yet  another  method  of  interest  connected  with 
conjugation.  In  many  cases  the  conjugating  cells  are 
absolutely  alike.  In  Spirogyra  the  protoplasm  of  one 
cell  remains  stationary  within  the  cell-wall  ; the  proto- 
plasm of  the  other  cell,  leaving  its  own  wall,  bodily 
migrates  into  the  first  cell.  In  some  plants  and  in  many 
animals,  the  migrating-cell,  instead  of  merely  passing 
down  a short  tube  from  cell  to  cell,  wanders  away  from 
its  place  of  origin  until  it  finds,  perhaps  at  some  distance, 
a cell  which  is  ready  for  conjugation.  Sexual  reproduc- 
tion in  higher  plants  and  animals  is  really  a conjugation 
of  this  kind.  The  motionless  cells  are  the  egg-cells  or 
ova,  and  usually  they  remain  quiescent  within  the  tissues 
of  the  female  which  gave  rise  to  them  ; the  motile  cells 
are  the  spermatozoa,  which,  after  they  have  left  the  male. 
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liave  lo  reach  and  conjugate  witli  tlie  ova.  Exactly  as 
in  the  conjugation  of  simple  forms  of  life  like  Spirogyra, 
the  new  individual  formed  by  the  combined  ovum  and 
spermatozoon  shares  characters  coming  from  both 
jiarents  ; and  exactly  as  in  Spirogyra^  before  conjugation 
takes  place,  part  of  the  chromatin  is  ejected  by  the  ovum 
and  spermatozoon. 

Spirogyrn^  then,  is  a simple  plant,  living  like  Proto- 
coccus on  inorganic  substances,  and  building  these  sub- 
stances into  protoplasm  by  a complicated  process  in  which 
chlorophyll  and  sunlight  take  a chief  share.  Unlike 
Protococcus,  the  cells  resulting  from  vegetative  division, 
althouffh  all  alike,  remain  attached  to  each  other.  Rut 
it  has,  in  addition,  the  process  of  conjugation,  which  fore- 
shadows the  sexual  reproduction  of  higher  organisms. 


CHAPTER  IV 


HIGHER  PLANTS 


MINUTE  green  plant  called  Botrydium  (Fig.  8)  is 


not  uncommon  on  moist  mud  in  ditches.  As  it 


is  one  or  two  millimetres  in  breadth  it  is  quite  visible  to 
the  naked  eye,  and  consists  of  a green  bladder-like  part 
above  the  mud,  joined  by  a narrow  neck  to  a few  short 
branched  threads  sticking  in  the  mud.  Under  the 
microscope,  one  sees  that  it  is  not  broken  up  into  cells, 
but  consists  of  protoplasm  enclosed  in  a delicate  wall. 
The  green  part  contains  chlorophyll,  starch-granules,  and 
several  nuclei  ; the  branched  part  is  nearly  colourless. 
Simple  as  it  is,  B o t r y d i u m shows  the  division 
of  labour  and  differentiation  of  function 
found  in  a 1 1 t h e higher  plants.  The  green 
bladder  represents  the  leaves  lifted  up  on  a neck  which 
represents  the  stem,  so  that  the  chlorophyll  is  fully 
exposed  to  light.  The  branching  threads  thrust  into  the 
mud  serve  as  roots,  first  as  an  anchor  or  organ  of  attach- 
ment, and  secondly  to  absorb  from  the  mud  salts  dissolved 
in  water. 

In  so  simple  a plant,  the  food  materials  absorbed  by 
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the  green  part  and  by  the  roots,  meet  together  in  the 
general  protoplasm  of  the  bod3^  In  higher  plants,  the 
plant  body  is  made  up  of  a very  large  number  of  cells, 
and,  in  accordance  with  their  different  positions  in  the 
plant,  these  cells  have  different  functions  and  different 
structure.  Those  in  the  leaves,  for  instance,  have  chloro- 
phyll, and  are  able  to  break  up  carbonic  acid  and  to  make 

starch.  But,  for  the  most  part, 
they  absorb  no  water  and  get  no 
direct  supply'  of  nitrogen  and 
salts.  The  cells  of  the  roots  ab- 
sorb water  and  salts  ; but  they, 
having  no  chlorophyll,  cannot  use 
carbonic  acid  nor  manufacture 
starch.  Thus  a division  of  labour 
has  taken  place,  and  the  cells, 
with  different  structures  and 
different  functions,  are  dependent 
on  each  other.  The  plant,  in- 
stead of  being  an  aggregate  of 
independent  cells,  has  become  an 
organised  whole  with  parts  in 
dependence  on  each  other.  There 
is  now  not  only  the  structure  of 
cells  to  be  examined,  but  the 
structure  of  the  whole  plant,  the  arrangement  of  the 
groups  of  cells. 

In  the  consideration  of  such  an  organised  communit}’ 
of  cells,  the  first  question  that  suggests  itself  is  the 
method  by  which  foods,  obtained  b^-  one  group  of  cells, 
find  their  way  to  other  groups  ; how,  for  instance,  the 
leaf  cells  get  their  nitrates,  or  the  root  cells  their  starch. 


Fig.  8. — Botrydiujn : the 
horizontal  line  represents 
the  surface  of  the  mud 
above  which  is  the  green 
bladder  containing  proto- 
plasm and  several  nuclei,  as 
well  as  starch  granules  and 
chlorophyll ; below  the  line 
are  the  colourless  branch- 
ing roots  : the  protoplasm 
is  not  broken  up  into  cells 
by  cell-walls. 
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In  the  simpler  many-celled  plants  there  is  no  trace  of 
vessels  or  passages  along  which  substances  might  pass  from 
cell  to  cell.  The  substances  pass  through  the  protoplasm 
of  the  cells  and  are  handed  on  from  cell  to  cell,  creeping 
through  the  plant.  The  protoplasm  of  each 
c e 1 1 i s i n a c t u a 1 connection  w i t h t h a t o f 
adjoining  cells,  so  that  the  whole  plant 
may  be  regarded  as  a continuous  mass 
of  protoplasm  stretching  through  and 
through  the  cell  walls.  In  higher  plants,  such 
as  ferns  and  flowering  plants,  there  are  interspaces  and 
vessels  containing  air  and  sap,  and  at  first  sight  it  seems 
probable  that  gases  and  fluids  containing  nutritive  sub- 
stances in  solution  pass  along  by  mechanical  means,  as 
gas  and  water  circulate  through  the  supply  pipes  of  a 
town,  or  percolate  between  the  cells  like  drainage 
through  a gravel  sub-soil.  But  it  can  be  shown  that  in 
a number  of  cases  the  protoplasm  of  contiguous  cells  is 
continuous  through  apertures  in  the  cell  walls  and  that 
the  apparently  mechanical  passage  of  gases  and  fluids 
through  vessels  and  in  intercellular  spaces  is  not  a 
mechanical  passage,  but  that  it  is  under  control  of  the 
protoplasm  of  cells,  varying  in  amount  and  in  the  rate  of 
passage  with  conditions  affecting  the  activity  of  the  pro- 
toplasm of  the  cells.  For  instance,  the  strength  of  the 
upward  current  of  sap  is  much  greater  than  could  be 
caused  by  evaporation  from  the  leaves,  and  for  a time 
will  go  on  when  the  leaves  have  been  cut  off.  Evapora- 
tion from  the  leaves  is  not  a simple  mechanical  process, 
but  is  controlled  by  the  expansion  and  contraction  of 
cells  guarding  apertures  in  the  leaves.  We  shall  be  most 
near  the  truth  if  we  regard  the  passage  of  substances  from 
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one  part  to  another  part  of  the  plant  as  being  a vital 
process  occurring  in  the  protoplasm  of 
the  whole  plant,  w h e t h e r t h e 1 a n t be 
like  an  oak-tree,  a complicated  organism 
of  many  million  cells,  or  like  B o t i'  y d i u m 
a s i m p 1 e u n d i V i d e d mass  of  protoplasm. 

Retaining  in  our  minds  this  general  idea,  it  is  possible 
to  pass  directly  to  examination  of  the  structure  of  higher 
plants — as,  for  instance,  of  flowering  plants.  But  this 
also  must  be  borne  in  mind  ; between  the  flowering 
plants,  with  their  great  complexity  of  structure,  and 
simple  aggregates  of  cells  like  Spirogyra,  there  are 
innitmerable  simpler  plants,  which  botanists  have  been 
able  to  arrange  in  a series  of  ascending  degrees  of  com- 
plexity, so  that  they  seem  successive  stages  in  the 
development  of  higher  plants  from  lower  plants.  When 
we  turn  to  animals  we  shall  find  a similar  series  and 
examine  the  stages  with  some  care. 

The  growth  of  a plant  takes  place  by  cell-multiplica- 
tion. When  the  protoplasm  in  cells  increases  in  bulk, 
the  nucleus  and  the  protoplasm  divide  and  new  partition 
walls  grow  in  between  the  dividing  protoplasm  as  in 
Spirogyra.  But  in  Spirogyra  the  division  is  always 
across  the  length  of  the  cell,  and  thus  threads,  composed 
of  rows  of  cells,  are  formed.  In  the  tissues  of  higher 
plants  the  cells  may  divide  across  any  axis  according  to 
the  nature  of  the  tissue,  so  that  the  tissue  increases  in 
length,  or  breadth,  or  thickness.  So  there  are  to  be  found 
linear  tissues,  like  the  vessels  of  plants,  in  which  the  cells 
have  divided  across  their  greatest  length,  flat  tissues 
where  the  cells  divide  in  length  and  breadth,  as  in  the 
outside  layer  of  a leaf,  solid  tissues  where  they  divide 
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across  the  length  and  breadth  and  the  depth,  as  in  the 
substance  of  a potato. 

The  young  shoot  and  root  of  a sprouting  seed  are 
almost  entirely  composed 
of  small  cells,  all  much 
alike.  The  cells  have  very 
large  nuclei  and  abundant 
protoplasm.  They  divide 
rapidly,  and  give  rise  to  the 
various  permanent  tissues 
of  the  plant.  This  young 
or  embrvonic  tissue  is  called 
meristem  (Fig.  9),  and  it  is 
from  meristem  tissues  in 
the  adult  plant  that  sub- 
sequent growth  of  the 
plant  takes  place.  At  the 
apex  of  the  shoot  and  the 
tip  of  the  root,  the  various 
tissues  meet  in  the  simple 
meristem  of  these  parts 
from  which  new  growth  is 
taking  place.  In  many 
plants,  for  instance  in 
flowering  plants  as  opposed 
to  palms  and  grasses,  a tube 
of  meristem  called  the  cam- 


Fu;.  9. — Meristem  Tissue  from 
the  tip  of  a Leaf-shoot  of  Mursilia 
uncinata.  The  large  cell  at  the 
ape.x  has  given  origin  to  the  others 
which  are  getting  arranged  in 
longitudinal  rows ; each  cell  has 
a thin  wall  surrounding  the  proto- 
plasmic contents.  (From  Behrens.) 


bium  runs  down  the  stem  from  the  apex  to  the  tip  of  the 
root  and  forms  the  growing  tissue  from  which  wood 
arises  on  the  inside,  bast  on  the  outside. 

Other  layers  of  meristem  tissue  occur  in  various  parts 
of  plants  when  there  is  occasion  for  growth.  Thus  the 
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bark  or  cork  of  trees  grows  from  a special  layer  of  meri- 
stem  cells  to  be  found  immediately  under  the  epidermis. 
In  fact,  a young  plant  consists  of  a mass  of  meristem  cells 
rapidly  dividing.  As  the  plant  grows  larger,  the  meri- 
stem cells  in  various  regions  become  altered  into  the 
permanent  cells  of  the  adult  tissues.  These,  however, 
rarely  continue  to  multiply  after  they  have  become 
specialised,  and  to  provide  for  further  growth  a set  of 
unaltered  meristem  cells  becomes  associated  with  each 
tissue,  and  it  is  by  the  multiplication  and  subsequent 
specialisation  of  the  meristem  that  further  growth  of  the 
tissues  takes  place. 


CHAPTER  V 


PLANT  TISSUES 


HE  permanent  tissues  of  plants  may  be  divided  con- 


veniently into  three  great  systems,  each  with  its 
own  kind  of  specialised  cells  and  groups  of  cells.  The 
outer  or  epidermal  tissues  form  the  surface  layer  of  the 
plant  in  its  leaves,  shoots,  stem,  and  roots  ; they  protect 
it  against  external  agencies,  and  regulate  the  intake  and 
output  of  air,  of  water,  and  of  food-substances.  The 
vascular  tissues  form  bundles  of  connecting  fibres,  vessels, 
and  strands,  which  may  be  seen  as  the  veins  in  a leaf,  and 
which  run  through  the  stem  and  the  roots,  and  serve  as 
the  special  paths  along  which  food-substances,  water, 
gases,  and  the  substances  elaborated  by  protoplasm  pass 
from  one  part  of  the  plant  to  the  other.  The  parenchyma 
or  ground  tissue  is  the  mass  of  the  leaves,  and  stem,  and 
roots,  the  tissue  which  is  bounded  by  the  epidermis  on  the 
outside,  and  through  which  the  vascular  bundles  pass  ; in 
it  are  the  assimilating  tissues  of  the  plant  like  the  chloro- 
phyll-containing cells  of  the  leaf,  the  supporting  tissues 
like  wood  cells  and  the  fibrous  bast  cells,  growing  tissues 
of  unspecialised  cells  from  which  new  growth  is  taking 
place,  and  tissues  in  which  excretions  are  stored  or  starch 
laid  by  for  future  use. 
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The  epidermis  is  the  superficial  tissue  of  young  shoots 
and  leaves.  On  the  roots  it  cannot  be  distinguished 
readdy  from  the  underlying  tissues  ; on  older  stems  and 
leaves  it  may  be  altered  completely  by  structures  which 
appear  later.  It  is  a thin  layer  of  cells  covering  and  pro- 
tecting the  young  green  parts  of  plants.  It  consists  usually 


I K».  lo.  Ej‘)idei mis  fiom  Sugar-cane  with  rod-like  waxy  secretion. 

(From  Sachs.) 

of  a Single  layer  of  columnar  or  tabular  cells  regularly 
placed  and  almost  invariably  without  chlorophyll  (Figs. 
12,  i6,  24).  1 he  outer  walls  of  the  cells  frequently  are 

thickened,  and  a thin  pellicle,  the  cuticle,  often  runs  con- 
tinuously over  the  outer  surface  of  the  cells.  The  material 
of  the  cuticle  is  very  resistant  lo  the  passage  of  water,  and 
differs  chemically  from  cellulose,  for  it  is  not  turned  blue 
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by  iodine  and  sulphuric  acid.  Another  protection  against 
the  passage  of  water,  especially  against  its  passage  inwards, 
is  the  excretion  of  wax  on  the  outer  surface.  This  wax 
appears  as  little  warts  or  rods,  and  causes  rain  or  water  to 
collect  in  little  drops  instead  of  spreading  over  the  sur- 
face of  the  plant  and  really  coming  in  contact  with  the 
living  tissues.  The  “ bloom  ” on  fruits  is  a familiar  in- 
stance. But  water  has  to  pass  out  of  the  plant  so  that 
there  may  be  room  in  the  tissues  for  the  intake  of  water 
absorbed  by  the  roots  and 
containing  new  supplies  of 
inorganic  salts.  Everywhere 
on  the  epidermis,  but  especi- 
ally on  the  under  surface  of 
the  leaves,  there  are  numbers 
of  minute  openings  called 
stomata  (Fig.  ii).  If  a thin 
piece  of  the  epidermis  from 
the  leaf  of  any  plant  be 
stripped  off  and  placed  in 
water  under  the  microscope, 
the  stomata  are  seen  at  once. 

For  they  are  guarded  by 
minute  oblong  cells  filled  with  chlorophyll  granules 
and  so  are  conspicuous,  by  their  green  colour,  among 
the  uncoloured  epiderm  cells.  Between  these  guard 
cells,  which  are  oval  in  shape,  and  usually  two  in 
number,  lies  a minute  aperture  leading  into  a small 
cavity  which  communicates  with  the  intercellular  spaces 
in  the  spongy  tissue  of  the  leaf  (Fig.  12,  2).  In  damp 
weather,  when  the  air  is  nearly  saturated  with  moisture,  the 
guard  cells  alter  their  positions  so  as  ter  open  the  stoma  as 


Fig.  II. —Epidermis  from 
under  surface  of  a lilac  leaf, 
showing  three  Stomata  each  en- 
closed by  a pair  of  guard-cells. 
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widely  as  possible.  In  dry  weather,  when  the  air  might 
withdraw  water  too  rapidly  from  the  tissues  of  the  plant, 
the  guard  cells  contract  the  aperture  to  the  smallest 
point. 

The  stomata  normally  serve  for  the  transpiration  of 
gases,  especially  of  water-vapour  ; but,  in  a few  cases, 
stomata  situated  at  the  edges  of  leaves  serve  for  the 
extrusion  of  water  in  the  liquid  state. 

The  hairs  of  plants  are  outgrowths  from  the  epidermis. 


Fir,.  12. — -Vertical  .Section  througli  a .Stoma  on  the  under  surface  of 
a Leaf  : 1.  Aperture  between  the  guard-celLs.  2.  Intercellular  space 
communicating  with  spaces  among  the  parenchyma  cells.  3.  Epi- 
dermis cells  with  cuticle  as  the  lower  (outer  border).  (After  Sachs.) 

At  first,  hairs  are  mere  processes  from  single  epiderm 
cells  ; but  by  growth  and  cell-division  they  ma}-  be 
changed  into  multicellular  organs.  Some  hairs  are 
glandular,  and  in  a little  kuob  at  the  end  of  the  out- 
growths is  collected  the  .secretion  of  oil,  or  resin,  or 
gum.  In  some  cases,  as  in  the  nettle,  an  acrid  secretion 
with  irritant  properties  is  collected,  and  liberated  when 
the  hair  is  broken  off. 
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The  cells  of  the  epidermis  frequently  have  the  cellulose 
of  their  outer  walls  changed  to  cork  to  pre- 
vent evaporation  of  sap.  After  the  first  or 
second  year  of  their  existence  very  many 
plants  develop  a thick  layer  of  cork  cells 
within  the  epidermal  layer,  which  dies.  Cells 
in  a row  under  the  epidermis  multiply  ra- 
pidly, and  the  layers  of  cells  to  which  they 
give  rise  form  a compact  tissue  with  no  spaces 
between  the  cell-walls.  The  contents  of  the 
cork  cells  disappear  and  become  replaced  by 
air  ; the  walls  of  the  cells  change  from 
cellulose  to  cork,  and  the  tissue  forms 
a thick  protective  layer  completely  re- 
sistant to  the  passage  of  water  (Fig.  14). 

The  second  system  of  tissues 
fibro-vascular  bundles,  is  so  characteris- 
tic of  higher  plants  that,  in  classifica- 
tion of  the  vegetable  kingdom 
those  without  vascular  bundles 
(the  Algae,  Fungi,  Lichens, 

Liverworts,  and  Mosses)  are 
distinguished  as  cellular  plants 
from  the  vascular  plants 
(Ferns,  Lycopodiums, 

Equisetaceae,  &c.,  and 
the  .seed-plants).  Even 


Fig.  I' 


-Stinging-hair  of  Nettle. 


in  the  cellular  plants,  ^his  is  a'  single  elongated  cell  vith 
however,  not  infre-  nucleus  in  the  bulbous  root  which  is 

quently  there  are  tracts 


or  bundles  of  elongated 

thin-walled  cells,  distinct  from  the  tissue  in  which  they  are 
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embedded,  and  serving  as  ihe  main  channels  along  which 
substances  pass  from  part  to  part  of  the  plant.  The 
vascular  bundles  of  vascular  plants  (Fig.  15)  run  as  thin 
threads  of  specialised  tissue  through  the  whole  plant. 
In  the  root  there  is  usually  one  strand  lying  in  the  axis, 
and  receiving  branches  from  the  lateral  roots.  The 


Fu;.  14.- — Section  through  one-year-old  shoot  of  A i/a  nth  us 
losa,  showing,  a.  Dead  epidermis,  b.  Cork  cells,  c.  Cork  cambium, 
d.  Cortex  cells  with  chlorophyll  granules.  (After  I’rantl.) 

vascular  strands  of  the  roots  pass  into  those  of  the  stem, 
which  are  usually  symmetrically  arranged  round  the 
periphery.  These  give  off  branches  to  the  leaves,  and 
finally  pass  into  the  growing  point  at  the  apex  of  the 
stem,  where  they  lose  themselves  in  unspecialised  cell 
tissue.  The  details  of  their  arrangement  in  the  stem 
vary  much  in  different  plants,  and  depend  on  the 
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arrangement  of  the  leaves.  The  separate  bundles  are 
placed  round  the  mar- 
gin of  the  stem  : be- 
tween the  nodes,  or 
where  leaves  grow  out, 
they  appear  as  separate 
wedge-shaped  masses  ; 
at  the  nodes  they  fuse 
together,  and  the 
branches  for  the  leaves 
are  given  off. 

In  a transverse  sec- 
tion of  a single  bundle 
(Fig.  17)  two  groups  of 
cells  are  apparent.  To- 
wards the  outside  lies 
the  Bast  (Phloem),  to- 
wards the  centre  of  the 
stem  the  wood 
(Xylem).  The 
whole  bundle 
usually  is  sur- 
rounded by  a 
sheath  of  thick- 
walled  cells  be- 
longing to  the 
ground  tissue. 

Within  this,  the 
bast  portion  and 
the  wood  por- 
tion can  be  seen 

to  consist  of  cells,  rather  narrow  in  transverse  section, 


Fk;.  15. — Diagram  of  the  course  of  vascular 
l)undles  in  stem,  leaves,  and  roots. 
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with  here  and  there  wider  ring-shaped  spaces.  The 
cells  lie  closely  packed  together,  and  there  are  no  spaces 
between  them.  The  wood  portion  contains  the  larger 
vessels,  and  serves  chiefly  for  the  passage  of  air  and 
water  ; even  the  largest  circular  spaces  in  the  bast 
portion  are,  in  the  fresh  condition,  filled  with  albu- 
minous slime,  and  do  not  serve  for  the  passage  of  air.  In 
other  Avords,  the  proteids  and  albuminous  substances  pass 


Fig.  1 6. — Part  of  a Transverse  Section  through  the  Stem  of  a 
Dahlia,  showing — 1.  The  epidermis;  2.  Five  hhro-vascular  bundles; 
3.  Parenchymatous  tissue. 


up  and  down  through  the  bast  portion  ; air,  Avater,  and  the 
salts  soluble  in  Avater  pass  through  the  Avood.  Although 
generally  the  bast  lies  to  the  outside  and  the  Avood  to  the 
inside,  in  some  cases — in  ferns — the  xylem  is  sur- 
rounded by  the  phloem.  * 

If  Ave  examine  the  minute  structure  of  the  cells  in 
typical  higher  plants,  by  transverse  and  longitudinal 
sections,  Ave  shall  learn  the  characters  of  the  constituents 
of  the  bundle.  The  outer  portion  of  the  bast  is  made  up 
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chiefly  of  elongated  cells  with  thick  cell-walls.  In  trans- 
verse section  (Fig.  17.  d)  these  cell-walls  appear  to  form 


Fig.  17. — A Single  Bundle  from  Fig.  16,  enlarged,  a.  Epidermis 
with  cuticle.  b.  Collenchymatous  cells.  c.  Cells  with  chlorophyll, 
d.  Hard  bast  ; below  this,  opposite  e,  is  .soft  bast  parenchyma  contain- 
ing sieve-tubes,  some  cut  across  through  the  sieve  plates,  others  cut 
through  the  albuminous  mass  stretching  between  the  sieve  plates, 
f.  Cambium,  h.  Outer  row  of  wood-vessels ; nearer  the  centre  are 
three  other  rows  containing  a diminishing  number  of  vessels,  k.  Wood 
parenchyma. 


a continuous  thick  network.  In  longitudinal  section  it  is 
seen  that  the  cells  (Fig.  18.  a)  are  elongated,  that  the 
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ends  of  adjacent  cells  overlap  each  other,  and  that 
the  elongated  cells  form  a close  meshwork,  as  the 
cells  are  not  perfectly  straight,  but  are  occasion- 
ally twisted  round  each  other.  This  layer  is  called 
the  hard  hast,  and  forms  a dense,  partly  elastic, 

protective  tissue.  In 
the  interior  of  the 
cells,  remains  of  the 
protoplasmic  con- 
tents occasionally  are 
visible.  But  more 
often  the  cells  are 
transformed  practic- 
ally into  elastic  fibres. 
Chemical  investiga- 
tion shows  that  the 
cell-wall  is  not  cellu- 
lose ; it  does  not  stain 
blue  with  sulphuric 
acid  and  iodine,  and 
resists  the  action  of 
sulphuric  acid  like 
the  cuticle,  or  like 
cork  cells.  In  distin- 
guishing the  hard 
bast  cells  and  many 
other  vegetable  cells, 
a useful  staining  re- 
agent, called  chlor- 
zinc-iodinc,  may  be 
employed.'  This  mi.\- 

Chloi-zinc-iodine,  or  Schulze’s  solution,  can  be  obtained  from 


Fk;.  i8. — Isolated  Cells  from  a Vascular 
Bundle,  c.  Cambium  cells  ; b.  Sieve-tulie. 
a.  Bast-fibre.  d.  Dotted  wood-vessel, 
e.  Wood-cell,  a and  b,  the  b.ast  elements, 
and  d and  e,  wood  elements  have  alike 
been  formed  from  cells  like  c. 
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ture  stains  protoplasm  dark  brown  ; by  the  action  of  the 
chloride  of  zinc  cellulose  is  turned  into  starch,  and  then 
stained  blue  by  the  iodine,  but  the  bast-fibres  show  their 
difference  from  cellulose  by  staining  yellow. 

Lying  nearer  the  centre  of  the  stem  on  the  inner  side 
of  the  hard  bast  comes  the  so-called  soft  bast.  The 
characteristic  part  of  this  tissue  is  what  are  called  sieve- 
tubes  (Fig.  1 8.  b).  The  younger  stages  of  sieve-tubes 
may  be  seen  lying  alongside  the  adult  vessels.  These 
stages  consist  of  elongated  cells  placed  end  to  end,  with 
thin  cellulose  walls  and  protoplasmic  contents.  In  adult 
sieve-tubes  the  partitions  separating  the  ends  of  the  cells 
become  pierced  by  many  minute  apertures,  and  form 
sieve-like  plates.  The  protoplasm  forms  a strand  passing 
down  the  centre  of  each  cell,  and  is  expanded  into  a brush 
at  either  end.  The  ends  of  the  brush  pass  through  the 
sieve  pores  into  direct  connection  with  the  similar  brush 
in  the  adjacent  cell  (Fig.  19).  Where  the  lateral  walls  of 
sieve-tubes  come  together,  similar  sieve-plates  and  proto- 
plasmic connections  are  formed.  Thus  the  sieve-tubes 
form  a definite  continuous  chain  of  protoplasm  running 
along  the  fibro-vascular  bundle,  and  serving  as  the  main 
path  along  which  proteid  materials  pass. 

Lying  closely  applied  to  sieve-tubes  are  companion-cells 
(Fig.  19) — elongated  small  cells,  looking  as  though  they 
had  been  cut  out  of  the  sieve-tubes.  On  staining  with 
chlor-zinc-iodine,  the  cell-walls  of  the  sieve-tubes,  of  the 
companion-cells,  and  of  the  young  sieve-tube  cells  assume 
a blue  colour,  showing  that  they  are  cellulose  ; the 

dealers  in  microscopic  reagents.  It  is  prepared  by  dissolving  zinc  in 
hydrochloric  acid,  evaporating  to  a syrup,  and  mixing  with  a solution  of 
iodine  in  potassium  iodide  dissolved  in  water. 
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protoplasm  of  the  cells  stains  dark  brown.  In  a typical 
stem  there  is  to  be  seen,  lying  in  the  middle  of  each 
bundle,  between  the  bast  and  the  wood, 
a layer  of  cells  with  thin  walls  and 
plentiful  protoplasmic  contents.  Chlor- 
zinc-iodine  shows  that  the  walls  are  cel- 
lulose, and  that  the  brown-staining  pro- 
toplasm occupies  practically  the  entire 
space  of  the  cell.  This  layer  is  the 
Cambium  layer  (Fig.  17.  Z>),  and  from  it 
the  bast  is  formed  on  the  outside  and 
the  wood  vessels  on  the  inside.  It  is  a 
layer  of  cells  not  differentiated,  but  serv- 
ing as  an  active  centre  of  growth.  To- 
wards the  centre  of  the  la}''er  the  walls  of 
the  cells  are  in  transverse  section  nearly 
square  ; in  longitudinal  section  they  ap- 
pear as  elongated  cubical  cells  (Fig.  18.  c). 
Active  division  is  taking  place,  and  next 
the  wood  and  the  bast,  the  cells  split  off 
from  the  cambium  form  a transition 


larged  view  of 
longitudinal  sec- 
tion through  a 
Sieve- tube  in  the 


region  of  a Sieve- 

plate.  On  either  series  leading  to  the  specialised  cells  of 
the  wood  and  of  the  bast. 


side  the  sieve-tube 
lie  companion  cells. 


The  wood  or  xylem  (Fig.  17.  h-k)  is 
conspicuous  by  the  size  and  width  of  the  cut  ends  of 
vessels  seen  in  transverse  section.  These  vessels  are 
arranged  for  the  most  part  in  radial  rows,  the  larger 
vessels  lying  towards  the  cambium  side  of  the  bundle. 
They  are  formed  by  a series  of  elongated  cells  placed 
end  to  end,  and  with  the  walls  at  the  end  partially 
or  completely  absorbed,  thus  giving  rise  to  vessels. 
The  walls  are  lignified,  and  with  chlor-zinc-iodine 
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assume  a yellow  colour  instead  of  the  blue  of  cellulose. 
Protoplasmic  contents  are  absent,  and  the  vessels  during 
life  contain  gases  or  water.  The  walls  of  the  vessels 
are  sculptured  in  various  ways,  and  this  sculpturing 
causes  the  kinds  of  vessels  to  receive  various  names. 
In  “ dotted  ” vessels  (Fig.  18.  d)^  thickly  scattered  ov^er 
the  cell-walls  are  small  round  pits  which  have  been 


Fig.  20.  — L^iagram  of  Bordered  Pits  and  Scalariform  Vessel, 
a.  Vessel  with  bordered  pits.  b.  Scalariform  vessel  with  elongated 
bordered  pits.  c. — 1.  Cross  section  through  vessel  with  unthickened 
wall.  2.  With  wall  thickened  except  in  region  of  pit.  3.  Wall  still 
more  thickened  and  bordered  pit  formed  by  ingrowth  of  pit  edges. 


formed  by  small  areas  of  the  cell-wall  remaining  quite 
thin  while  the  cell-wall  in  general  becomes  thick. 
When  this  happens  in  the  partition  wall  separating 
two  cells,  there  are  formed  two  pits  opposite  each  other 
and  separated  from  each  other  by  a thin  membrane,  the 
original  cell-wall.  When  the  cell-wall  is  unusually  thick, 
the  pits  appear  like  fine  canals.  A special  kind  of  pitting, 
frequently  present  in  all  plants,  is  so  abundant  and  well- 
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marked  as  to  be  characteristic  in  the  wood  of  conifers.  In 
this  case  the  original  thin  area  is  large,  but  the  thickened 
cell-wall  round  the  border  of  the  pit  grows  inwards  leaving 
open  only  a narrow  slit.  These,  seen  in  surface  view, 
appear  like  pits  with  definite  borders  round  them — the 
ingrowths  of  the  cell-walls  over  the  pits — and  are  hence 

called  bordered  pits  (Fig. 
20.  n).  In  the  Ferns  these 
bordered  pits  are  very 
broad,  reaching  half-way 


round  the  vessels.  The 
thickened  borders  thus  ex- 
tend at  regular  intervals 
across  the  vessels  with  the 
slits  opening  into  the  pits 
between  them.  The  ar- 
rangement is  not  unlike 
the  rungs  of  a ladder,  and 
hence  the  vessels  so  marked 
have  been  called  Scalariform 
vessels  (Fig.  20.  h).  When 
the  pits  are  irregularly 


Fig.  21. — Longitudinal  Section 
through  the  Xylein  of  vascular 
bundle  from  Impaficm  balsamica 
showing — g,  spiral,  and  f,  annular 
vessel. 


placed,  and  elongated  in. 
various  directions,  the  thick- 


ened borders  give  an  irre- 
gularly reticulated  appear- 
ance to  the  walls  of  the  vessel,  and  transition  forms 
may  be  seen  between  these  and  vessels  where  the 
thickenings  form  regular  spirals,  twisted  once,  or  more 
than  once,  round  each  vessel.  These  spiral  vessels  (Fig. 
21.  are  most  abundant  and  have  coils  most  closely 
wound  in  the  cetitre  of  the  xylem.  Finally,  among  the 
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vessels  may  be  noticed  Annular  vessels  with  the  thicken- 
ings arranged  in  rings,  but  in  mature  stems  these  rings 
are  usually  more  or  less  disorganised  (Fig.  21.  f).  In  the 
xylem  there  are  also  wood-fibres  (Fig.  18.  c)  present. 
These  are  long  and  pointed  cells  with  their  walls  lignified 
and  pitted,  and  in  which  the  protoplasm  has  completely 
disappeared.  The  wood-fibres  are  so  twisted  and  matted 
that  even  in  a longitudinal  section  the  whole  length  of 


Fig.  22. — Parenchyma  from  Potato  Tuber  containing  .Starch 

Granules. 

a cell  rarely  appears.  Finally  there  are  to  be  seen  in 
the  xylem,  oblong  cells  with  square  ends  frequently 
pressed  against  the  sides  of  the  vessels  so  that  they 
encroach  on  the  cavity  of  the  vessels.  These  cells  retain 
the  thin  cellular  wall  of  unspecialised  cells  and  retain 
their  protoplasm  (Fig.  17.  k). 

The  fundamental  or  general  tissue  of  plants  consists  in 
its  simplest  and  most  common  form  of  irregularly-shaped 
thin-walled  cells — called  parenchymatous  cells.  It  may 
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be  seen  in  any  young  plant  practically  occupying  all  the 
space  within  the  epidermis  (Fig  i6.  3) — except  of  course 
the  space  occupied  by  the  vascular  bundles.  In  the 
typical  condition,  the  cells  are  large,  and  are  actively 
multiplying.  Where  cells  are  in  contact,  a single  cell- 
wall  separates  them,  but  at  the  angles  where  three  cells 
meet,  interspaces  occur,  due  to  splits  in  the  cell-wall.  The 
cells  contain  protoplasm  and  a nucleus,  but  the  products 


Fig.  23. — e.  The  overlapping  ends  of  jnoscnchyinalous  cells, 
f.  Collenchyniatous  cells,  g.  Schlerenchyinatous  cells. 


formed  by  the  protoplasm  are  so  plentiful  that  the  proto- 
plasm occupies  a narrow  area  within  the  cell-wall.  The 
remaining  space  is  occupied  by  a watery  juice  full  of 
substauccs  of  nutritive  value.  Reserve  materials  like  the 
starch  in  the  tubers  of  the  potato,  in  the  pith  of  young 
plants,  or  in  seeds  are  to  be  found  in  parenchymatous 
cells  (Fig.  22).  Frequently  in  old  plants,  and  in  old 
tissues  of  plants  there  are  to  be  found  parenchymatous 
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cells  practically  dead.  The  protoplasm,  the  sap  and 
starch  grains  have  disappeared,  and  the  cell-walls  remain 
behind  as  a spongy  pith  filled  with  air. 

When  the  cells  of  fundamental  tissue  are  elongated 
they  may  have  overlapping  ends,  and  are  called  prosen- 
chymatous  cells  (Fig.  23.  c).  When  they  have  pad-like 
thickenings  of  the  cell -wall  at  the  angles  where  cells  are 
in  contact,  they  are  known  as  collenchymatous  cells  (Fig. 
23.  f)  ; and  where  the  whole  cell-wall  is  excessively 
thickened  and  partly  turned  into  wood,  the  tissue  is 
called  schlerenchyma — the  cells  schlerenchymatous  cells 
(Fig.  23.  g).  These  names  are  merely  descriptive,  and 
are  applied  to  cells  of  different  natures  in  different  parts 
of  a plant.  Thus  the  cells  forming  the  hard  nodules  in 
the  flesh  of  pears  have  their  walls  lignified,  and  are 
schlerenchymatous  ; the  elastic  fibres  of  the  bast  (hard 
bast)  have  thick  walls  not  lignified,  and  are  also  schleren- 
chymatous ; while  the  cell- walls  of  the  “ bundle  ” sheath 
found  surrounding  the  vascular  bundle  in  young  stems 
are  frequently  lignified,  and  are  again  named  “schleren- 
chymatous.” A very  characteristic  feature  in  the  thick 
walls  of  schlerenchyma  is  the  presence  of  small  canals 
formed  from  pits. 

It  is  in  fundamental  tissue  that  most  of  the  chlorophyll 
of  green  plants  is  to  be  found.  Obviously,  as  the 
usefulness  of  chlorophyll  depends  on  its  exposure  to 
light,  it  is  found  in  the  leaves  and  in  the  stem.  As, 
moreover,  the  utility  of  chlorophyll  depends  on  the  ready 
access  of  air  in  order  that  the  carbonic  acid  may  be 
absorbed,  the  tissues  containing  chlorophyll  have  for 
the  most  part  a loose  and  almost  spongy  arrangement  of 
cells.  The  interspaces  between  the  cells  are  in  free  con- 
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nection  with  each  other  and  with  the  stomata,  so  that 
the  stomata,  while  serving  chiefly  for  the  transpiration  of 
water-vapour  are  a ready  means  for  entrance  of  air. 
Such  a spongy  structure  is  well  seen  in  a section  through 
the  leaf  of  a plant  (Figs.  24  and  25).  In  many  leaves. 


Fig.  24. — Cross  section  througli  the  Leaf  of  a Beech.  Showing  at  the 
top  the  epidermis  cells  without  chlorophyll,  then  the  palisade  layer  with 
chlorophyll,  then  spongy  layer  with  all  the  cells  containing  chlorophyll 
and  with  many  air  spaces  between  the  cells,  lastly  the  epidermis  of  the 
under  surface  with  a stoma.  The  chlorophyll  corpuscles  are  the  small 
oval  bodies  lying  chiefly  round  the  edges  of  the  cells.  (After  Prantl 
and  Vines.) 

lying  directly  under  the  epidermis  is  a layer  of  elongated 
cells  containing  chlorophyll  (the  “palisade”  layer),  and 
below  that  is  the  spongy  parenchyma  (Fig.  24).  In 
higher  plants  the  chlorophyll  is  present  in  definite  small 
corpuscles  which  like  the  chromatophores  of  Spirogyra 
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consist  of  a proteid  substance  impregnated  with  the 
green  pigment.  These  chlorophyll  granules  are  present 
in  vaiying  numbers.  In  the  cells  of  some  plants  there 
are  very  many  ; in  the  cells  of  others  fewer,  and  it  is  in 
general  true  that  in  lower  plants  the  chlorophyll  corpuscles 


Fig.  25. — Cross  section  through  Leaf  of  Selaginella,  showing  the 
epidermis  containing  chlorophyll,  spongy  parenchyma  in  the  middle  of 
which  a fibro-vascular  bundle  has  been  cut  through,  and  the  epidermis 
of  the  under  side  with  stomata.  The  chlorophyll  bodies  are  large  and 
irregular,  and  contain  starch  granules.  (After  Sachs.) 

are  fewer  in  number,  larger,  and  less  definitely  shaped, 
than  they  are  in  higher  plants  (Fig.  25). 

Chlorophyll  corpuscles  arise  from  colourless  bodies 
(leucoplastides)  present  in  young  cells.  When  mature, 
they  have  the  power  of  arranging  and  re-arranging 
themselves  in  the  cells  they  inhabit,  under  the  stimulus 
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of  light.  When  kept  in  the  dark  for  some  time  the 
green  colour  changes  to  yellow,  and  the  corpuscles  break 
up.  The  autumnal  colours  of  leaves  arc  due  partly  to 
changes  of  this  kind. 


CHAPTER  VI 


THE  YEAST  PLANT 

IN  green  plants  the  cells  containing  chlorophyll,  while 
in  the  presence  of  sunlight  break  up  carbonic  acid 
taken  from  the  air,  liberate  oxygen,  and  use  the  carbon 
to  build  starch.  In  the  absence  of  light  the  formation  of 
starch  ceases,  and  the  normal  respiration  of  all  protoplasm 
occurs,  i.e.y  oxygen  is  taken  in,  and  carbonic  acid  is  given 
out.  But  the  cells  in  the  stem  and  in  the  root,  cells  with- 
out chlorophyll  and  removed  from  light,  never  build 
starch  for  themselves,  but  live  upon  starch  manufactured 
in  the  green  parts  and  brought  down  to  them  through 
the  tissues  in  the  form  of  sugar.  Their  protoplasm, 
therefore,  uses  oxygen  and  gives  out  carbonic  acid.  A 
number  of  plants,  like  moulds  and  funguses,  have  no 
chlorophyll  to  build  up  starch,  and  live  therefore  on 
starch  or  sugar  manufactured  by  other  organisms.  Having 
no  chlorophyll,  they  are  independent  of  light,  and  take  in 
oxygen  and  give  out  carbonic  acid.  In  other  respects, 
too,  many  of  them  are  similar  to  those  cells  of  higher 
plants  which  have  no  chlorophyll.  'Fhey  take  in  water  and 
mineral  salts,  and  from  these,  with  the  aid  of  the  sugar 
supplied  them,  they  are  able  to  elaborate  their  proto- 
plasm. But  it  is  still  more  common  that  they  should  be 
uuable  or  “ unwilling,”  even  wheia  they  are  given  sugar. 
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to  build  up  proteid  material  from  inorganic  substances. 
Thus  none  of  them  make  starch,  but  must 
be  s u {)  p 1 i e d i t h starch  or  sugar;  a few 
^v  i 1 1 build  u {:)  }i  r o t e i d material  from 
simple  inorganic  substances;  most  re- 
quire complicated  compounds  of  nitro- 
gen, like  ammonium  tartrate,  and  these, 
preferably,  will  avoid  the  use  even  of 
ammonium  tartrate  if  they  can  procure 
ready-made  proteid  material. 

One  of  the  simplest  of  them  is  the  yeast  fungus, 
Saccharomyces  cerevisia\  The  pale  yellow,  frothy  sub- 
stance known  as  brewer’s  yeast,  vdiich  rises  as  a scum  on 
the  surface  of  fermenting  vats,  and  which  is  used  by 
bakers  to  make  dough  “ rise,”  consists  of  a fluid  in  which 
are  suspended  immense  numbers  of  minute  particles  just 
visible  with  a low  power.  Each  of  these  particles  is 
a single-celled  organism — the  yeast  plant.  Under  the 
higher  power  of  the  microscope  the  yeast  plant  appears 
a small  round  cell  with  a very  thin  cell-wall  and  granular 
contents.  The  cell-wall  is  so  thin  that  it  cannot  be  seen 
definitely,  until  the  protoplasm  has  been  stained  by  some 
fluid  like  magenta.  A few  taps  with  a needle  on  the 
cover-slip  burst  the  delicate  cells,  the  coloured  proto- 
plasm emerges,  and  the  crushed  walls  remain  behind 
like  empty  grape  skins.  The  granules  in  the  proto- 
plasm consist  of  fat  and  of  proteid  material,  and  there 
are  usually  present  spaces  of  irregular  size  and  shape, 
called  vacuoles,  and  filled  with  a transparent  fluid.  The 
nucleus  is  invisible  in  unstained  specimens,  or  even  in 
specimens  stained  by  iodine  and  magenta.  But  more 
complicated  methods  reveal  its  presence. 
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Yeast  cells  in  the  liquid  from  a brewer’s  vat  are  in  a 
favourable  position  for  growth,  as  they  are  in  an  abun- 
dant supply  of  food.  Various  stages  of  reproduction  by 
budding  (Fig.  i.  c.)  are  always  to  be  found.  A very  young 
bud  is  a small  protrusion  of  the  protoplasm,  covered  by 
a protrusion  of  the  cell-wall.  As  the  bud  grows,  its  wall 
gradually  becomes  round  and  finally  closes  off  the  bud 
from  the  parent  cell.  But  the  budding  may  take  place 
so  rapidly  that  a young  bud  begins  to  throw  out  buds 
itself  before  it  has  separated  from  the  parent.  Moreover, 
the  same  cell  may  give  rise  to  more  than  one  bud  at  the 
same  time,  so  that  little  colonies  of  yeast  cells  are  fre- 
quently found. 

When  the  conditions  are  unfavourable  for  growth — as, 
for  instance,  when  yeast  is  kept  so  long  in  a fluid  that  all 
the  available  nourishment  has  been  used  up,  it  prepares  to 
tide  over  unfavourable  conditions  by  another  method  of 
reproduction.  In  cells  starved  in  this  way,  part  of  the 
protoplasm  breaks  down — the  plant,  in  fact,  feeds  on 
itself,  and  there  results  the  curious  paradox  of  cellular 
starvation — that  fat,  due  to  the  breaking  down  of  proto- 
plasm, is  deposited  in  the  cells.  Then  the  scanty  proto- 
plasm breaks  up  into  four  little  round  bodies,  arranged  in 
a pyramid  in  the  centre  of  the  cell.  Round  each  of 
these  four  a very  thick  cellular  wall  is  deposited  and  they 
form  what  are  called  spores.  Ultimately  the  cell-wall  is 
ruptured  and  the  spores  emerge.  These  are  peculiarly 
able  to  retain  their  vitality  under  unfavourable  conditions. 
If  the  liquid  dries  up,  the  spores  form  a light  dust  which 
gets  blown  about,  and  so  serves  to  spread  the  plant  from 
place  to  place.  They  retain  their  vitality  for  long,  and, 
as  soon  as  they  find  their  way  to  a nutritive  fluid  again. 
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they  develop  rapidly  into  the  ordinary  form  of  the 
plant. 

The  formation  of  spores  can  be  observed  readily  if 
some  yeast  be  spread  on  a thin  slab  of  plaster-of-Paris 
kept  moistened  with  water  under  a bell  jar,  or  if  it  be 
grown  on  a slice  of  potato. 

The  yeast  plant,  like  some  other  low  organisms, 
possesses  the  peculiar  property  of  causing  alcoholic  fer- 
mentation. The  “sweet-wort  ” from  which  beer  is  made 
is  malt  dissolved  in  water.  Malt  is  made  from  grains  of 
barley  which  have  been  allowed  to  sprout,  and  then  killed 
by  heating.  In  the  process  of  sprouting  a large  part  of 
the  starch  contained  in  the  grain  is  turned  into  what  is 
called  grape  sugar.  This  sugar,  along  with  some  of  the 
proteid  material  and  the  mineral  salts  contained  in  the 
barley,  is  dissolved  in  the  wort.  Yeast,  placed  in  this, 
has  the  necessary  food  materials — sugar,  mineral  salts 
and  proteid — and  it  multiplies  very  rapidly.  Large 
quantities  of  carbonic  acid  are  given  off,  the  sugar 
gradually  disappears,  and  alcohol  is  formed  in  the 
liquid.  By  careful  experiment  it  has  been  shown  that 
only  about  one  per  cent,  of  the  sugar  is  used  as  food  by 
the  yeast-cells  in  their  growth  and  multiplication,  and 
the  actual  amount  of  carbonic  acid  expired  by  them 
must  be  very  small.  But  their  presence  excites  a peculiar 
chemical  change  in  the  great  mass  of  sugar,  by  which  it 
is  split  up  into  carbonic  acid  and  alcohol.  It  is  this 
carbonic  acid  that  is  given  off  in  such  quantities  that,  if 
a little  yeast  be  put  in  a teaspoonful  of  wort  in  a test- 
tube,  in  a few  minutes  the  upper  part  of  the  test-tube  will 
be  so  full  of  carbonic  acid  that  a burning  match,  thrust 
into  it,  will  be  immediately  extinguished. 
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Chemically,  the  process  of  alcoholic  fermentation 
excited  by  the  yeast  plant  is  as  follows  : — 

Grape  Sugar.  Alcohol.  Carbon  Dioxide. 
C,H,A  = 2(C,H,0)  + 2(CCX). 

It  must  be  remembered  that  this  is  a side  issue  of  the 
life  of  the  plant  : the  alcohol  and  the  carbonic  acid  are 
not  the  direct  result  of  the  changes  in  the  plant  proto- 
plasm. The  yeast  plant,  like  many  other  low  organisms, 
is  what  is  called  a living  or  organised  ferment. 

In  brewer’s  wort,  the  yeast  plant  obtains  its  nitro- 
genous food  in  the  form  of  proteid.  Pasteur  has  shown 
that  proteid  is  not  necessary  to  its  growth,  but  that  a 
solution  containing  ammonium  tartrate  as  the  only 
supply  of  nitrogenous  food  is  sufficient.  Thus,  yeast 
stands  intermediate  between  the  cells  of  green  plants 
and  the  cells  of  animals.  Like  animals  it  will  absorb 
proteid  directly  ; unlike  plants  it  cannot  build  up  pro- 
teid when  supplied  with  nitrogen  in  the  simple  form 
of  nitrates.  But,  given  the  more  complicated  form  of 
ammonium  tartrate  (NHJ,  C^H^Oe  it  can  complete 
the  elaboration  of  proteid.  M.  Pasteur  invented  an 
artificial  wort  in  which  the  yeast  plant  multiplies  rapidly 
and  sets  up  alcoholic  fermentation. 


Pasteur’s  Solution  is  as  follows  : — 
Water,  H.O 

«376 

per  cent 

Cane  sugar,  

15-00 

Ammonium  tartrate  (NHJ,  C^HX)6 

I'OO 

Potassium  phosphate  K3  PO^  

0'20 

n 

Calcium  phosphate  Ca3  (POJ  

0‘02 

n 

Magnesium  sulphate  Mg  SO4 

0‘02 

n 

lOO'OO 
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In  this,  fermentation  goes  on  most  actively  at  tempera- 
tures between  28°  and  34°  C.  ; at  low  temperatures  it 
ceases  ; at  38°  all  growth  stops.  If  the  liquor  be  boiled, 
the  plants  are  killed  and  the  process  permanently  is 
arrested.  The  process  goes  on  equally  well  in  darkness 
or  in  light.  It  will  occur  in  the  absence  of  oxygen, 
so  showing  that  the  yeast  plant  is  able  to  obtain  its 
oxygen  by  chemical  decomposition  of  its  food.  Free 
oxygen,  dissolved  in  the  solution,  stops  the  process,  and 
carbonic  acid  has  no  effect  upon  it.  Thus  in  the 
yeast  plant  we  have  an  organism  re- 
markably independent  of  all  conditions 
but  its  food,  and,  as  all  manner  of  food  solutions 
have  been  tried  and  Pasteur's  solution  is  found  to  be 
the  most  suitable,  we  can  get  a close  knowledge  of  the 
process  of  life  in  this  case.  The  water  in  the  solution  is 
needed  directly,  as  a food  for  the  plant,  and  indirectly 
that  it  may  get  its  food  in  the  suitable  condition  of 
solution.  The  sugar  is  not  necessaiy  to  the  life  of  the 
plant  ; it  grows,  although  very  slowly,  if  sugar  be 
omitted  from  the  solution,  obtaining  the  necessary 
carbon  from  the  ammonium  tartrate  ; but  sugar  is 
required  for  active  growth  and  to  exhibit  the  power 
of  the  plant  as  an  alcoholic  ferment.  The  ammonium 
tartrate  is  necessary  ; without  it,  unless  proteid  is  directly 
supplied,  all  growth  ceases.  The  three  mineral  in- 
gredients— potassium  phosphate,  calcium  phosphate, 
and  magnesium  sulphate — give  the  mineral  constituents 
found  in  the  ash  of  the  yeast  plant,  which  always  con- 
tains potash,  lime,  magnesia,  and  phosphoric  acid,  while 
sulphur  is  given  off  in  the  process  of  burning. 


CHAPTER  VII 


BACTERIA 

IF  a drop  of  water  on  a slide  be  stirred  with  a paint- 
brush dipped  in  gamboge,  and  the  drop  be  then 
covered  with  a slip,  and  examined  under  a high  power 
of  the  microscope,  the  exceedingly  minute  particles  of 
m the  gamboge  become  visible.  These  minute  particles 
are  not  at  rest,  but  ceaselessly  vibrate  to  and  fro,  each 
within  a space  about  two  or  three  times  the  size  of  the 
particle.  Such  “Brownian  movements”  can  be  observed 
in  all  minute  bodies  suspended  in  a fluid,  and  one  must 
distinguish  carefully  between  Brownian  movement  and 
actual  vital  movement,  in  any  organisms  that  are  small 
enough  to  show  Brownian  movement. 

All  animal  and  vegetable  substances  that  are  rotting 
swarm  with  the  minute  organisms  kiTOwn  as  Bacteria  or 
Microbes.  A drop  of  milk  or  soup  that  has  “gone  bad,” 
or  a little  of  the  soft  matter  scraped  from  a decaying 
potato  or  from  a hyacinth  bulb  in  water  that  has  begun 
to  smell  instead  of  to  sprout,  all  show  under  the  micro- 
scope innumerable  minute  bodies  just  on  the  borderline 
of  invisibility,  and,  like  the  grains  of  gamboge  which  they 
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resemble  in  size,  vibrating  to  and  fro.  When  the  eye 
becomes  accustomed  to  their  minuteness  it  is  seen  tliat 
while  some  merely  vibrate,  others  actually  progress 
through  the  fluid.  Some  are  round,  others  oblong, 
straight  or  curved,  thin  or  thick,  and  many  are  arranged 
end-to-end  in  threads  or  spirals.  It  is  perfectly  clear 
that  in  such  cases  there  is  a collection  of  organisms  with 
different  shapes  and  sizes,  with  different  habits  and  move- 
ments. Until  a method  had  been  invented  by  which 
the  forms  of  bacteria  could  be  sorted  out,  and  studied 
by  themselves,  no  exact  information  was  possible.  Now 
that  it  has  been  discovered,  the  best  of  these  methods 
seems  very  simple.  A gelatinous  preparation  in  which 
bacteria  will  grow  abundantly,  but  which  has  been  boiled 
to  kill  any  already  in  it,  is  melted,  and  a drop  of  the 
fluid  containing  the  bacteria  is  shaken  up  with  a small 
quantity  of  the  liquid  jelly.  A drop  of  this  is  shaken 
up  with  another  quantity  of  the  jell}',  and  this  process 
may  be  repeated  several  times.  As  bacteria  are  much 
smaller  than  xuuuo)  small  drop  taken,  a million 

might  easily  be  present.  Suppose  the  quantity  of  jelly 
to  be  TOO  times  the  size  of  the  drop,  a drop  taken  out 
of  this  would  contain  about  10,000  bacteria.  A second 
dilution  would  reduce  the  number  to  1,000,  a third  to 
10.  The  jelly  in  a liquid  condition  is  poured  upon  a 
glass  plate  and  cooled  in  a very  thin  layer.  The  ten 
bacteria  (in  this  hyj)othetical  case)  are  fixed  here  and 
there  in  the  jelly.  \Vhen  the  plate  is  kept  in  a suitable 
place  the  bacteria  begin  to  multiply,  each  giving  rise 
to  a coloii}^  like  itself,  and  these  colonies  grow  quite 
large  enough  to  form  patches  visible  to  the  naked  eye. 
The  colonies  of  different  bacteria  can  be  identified  by 
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their  shapes  and  colours,  by  their  modes  of  growth  in 
different  media  and  so  forth,  and  “ pure  cultivations  ” — 
?>.,  cultivations  containing  only  one  kind  of  bacterium — 
may  be  made  by  inoculating  jellies  from  the  various 
colonies  on  the  first  mixed  plate.  By  such  methods, 
an  enormous  number  of  different  microbes  have  been 
studied.  They  all  consist  of  a delicate  cell-wall,  in  most 
cases  formed  of  cellulose,  and  protoplasmic  contents. 
These  contents  stain  deeply  with  the  kinds  of  stains 
that  colour  the  nuclei  of  larger  cells,  and  no  distinction 
between  protoplasm  and  nucleus  has  been  made  out  in 
them.  Some  microbes  have  at  one  end  or  at  both 
delicate  vibratile  flagella  by  the  movements  of  which 
they  are  driven  or  pulled  through  the  water.  Others 
apparently  are  motionless,  save  for  »“  Brownian  move- 
ment.” 

Definite  names  have  been  given  to  some  of  the  most 
common  shapes  in  which  microbes  appear  (Fig.  26). 
Thus,  minute  round  forms  are  called  Micrococci ; larger 
round  forms.  Macrococci ; oblong  forms  not  twice  as 
long  as  they  are  broad  are  called  Bacteria  ; oblong 
forms  more  than  twice  as  long  as  they  arc  broad  are 
called  Bacilli;  a flattened,  spirally-twisted  form  is  called 
Spiromonas.  When  food  is  abundant  and  the  con- 
ditions of  life  favourable  bacteria  increase  in  length, 
and  by  repeated  division  across  the  long  axis  form 
jointed  filaments  or  threads.  When  micrococci  repro- 
duce in  this  way  they  form  Streptococci.  Unbranched 
threads  are  called  “ Leptothrix.”  Where  occasional  longi- 
tudinal division  occurs  and  so  branches  arc  formed,  the 
filaments  are  termed  Cladothrix.  When  the  filaments  are 
short,  with  slight  undulating  curves,  the  name  Vibrio  is 
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applied,  while  Spirillum  consists  of  short,  rigid  curves, 
twisted  like  a corkscrew.  Spirochaetes  are  long,  thin 
filaments  with  the  individual  curves  short  and  slender. 
Iheie  aie  many  other  forms,  and  considerable  doubt 


Fig.  26.— Forms  of  Eaclcria.  a.  Micrococci,  b.  Macrococci. 
c.  Bacteria.  d.  Bacilli,  e.  Streptococci,  f.  Leptothrix.  g-.  Clado- 
t/irix.  li.  Vilirio.  i.  Spirillitiii.  k.  Spirochaete. 

exists  as  to  how  far  microbes  with  definite  history  and 
properties  can  be  idcnlilied  with  individual  shapes. 

When  food  is  scarce  or  the  conditions 
of  life  u n f a o u r a b 1 c , r c r o d u c t i o n by 
spore  for  m a t i o n occurs.  The  protoplasm  be- 
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comes  granular,  a small  bright  spot  appears  in  it,  and 
this  spot  increases  in  size  until  it  may  bulge  out  the 
wall  of  the  cell.  Spores  may  be  round,  ovoid,  or  rod- 
shaped. They  are  always  colourless,  but  glisten  under 
the  light.  They  have  an  e.xceedingly  thick,  firm  wall, 
and  are  liberated  by  the  decay  of  the  cell  in  which  they 
Avere  formed.  Occasionally  spores  are  formed  by  fission  : 
in  a dividing  chain  or  filament  here  or  there  are  formed 
large  spores  called  Arthrospores,  because  of  the  jointed 
appearance  given  to  the  filament  in  which  they  appear. 

These  spores  are  the  great  means  by  which  microbes 
survive  unfavourable  conditions,  and  spread  from  place  to 
place,  until,  reaching  a situation  where  moisture,  tem- 
perature, and  food  are  satisfactory,  they  give  rise  to  the 
vegetative,  rapidly  multiplying  form. 

Innumerable  quantities  of  spores  are  formed  : they 
may  be  blown  about  as  a fine  dust  by  the  air,  or  may  be 
carried  by  currents  of  water.  They  will  remain  unde- 
veloped for  practically  an  indefinite  time,  if  no  favourable 
conditions  occur. 

In  air,  in  water,  in  drains,  in  the  soil,  in  the  dust,  in 
crevices  between  the  planks  of  floors,  they  arc  always 
present.  They  are  light  enough  to  be  wafted  about  by 
currents  of  air,  but  in  a still  or  windless  place  they 
gradually  sink  to  the  ground.  Thus,  in  the  morning, 
when  a room  has  been  quiet  all  night,  there  are  few  in 
the  air  ; after  the  housemaid  has  disturbed  things  by 
s\veeping  the  floor,  they  are  to  be  found  in  abundance. 
In  the  air  of  a well-flushed  culvert  few"  are  present  ; when 
the  flow  of  water  gets  low  they  reach  the  air  from  the 
dry  crust  deposited  on  the  sides  uncovered  by  water. 

Most  microbes  live  on  organic  substances  and  are 
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unable  to  build  up  their  protoplasm  out  of  inorganic 
materials.  Hence  the  vast  majority  of  them  flourish  in 
decaying  organic  matter,  in  the  bodies  of  animals  or 
plants,  or  in  the  soil.  A few,  however,  are  known  to 
contain  chlorophyll  and  to  live  like  Protococcus.  Dis- 
regarding these,  microbes  can  bedivddcd  into  two  classes, 
those  like  the  yeast  plant,  that  can  obtain  the  oxygen 
needed  for  all  living  protoplasm  from  chemical  com- 
pounds, and  those  that  require  a supply  of  free  oxygen. 
The  first  class  are  called  Anaerobic,  as  they  are  indepen- 
dent of  free  oxygen,  the  second,  Aerobic,  because  they 
require  it.  The  green  microbes  require  light  ; most 
microbes  live  either  in  light  or  darkness,  but  are  killed 
by  direct  exposure  to  sunlight.  The  conditions  of  heat 
are  more  complicated.  Actual  subjection  of  protoplasm 
to  a heat  very  little  under  boiling  point  certainly  kills  all 
microbes  ; but  some  microbes,  and  the  spores  of  most, 
can  resist  heat  so  well  that  even  a considerably  prolonged 
exposure  to  temperatures  above  boiling  point  does  not 
kill  them.  In  such  cases,  however,  it  is  probable  that 
the  wall  of  the  microbe  or  the  spore  prevents  the  proto- 
])lasm  within  it  from  actually  reaching  a high  temperature, 
h'reezing  arrests  the  growth  of  all  microbes,  but  even 
continued  exposure  to  such  a temperature  does  not  kill 
them.  Thus  ice  made  from  water  containing  microbes 
contains  them  in  a condition  only  of  arrested  vitalit}-  ; 
when  the  ice  melts,  the  suspended  organisms  begin  to 
multiply.  Generally  speaking  microbes  flourish  best  at 
a temperature  between  30°  and  40°  Centigrade,  but  the 
most  favourable  temperature  is  different  for  different 
forms. 

Microbes  are  associated  with  many  of  the  processes  of 
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every-day  life.  The  most  obvious,  and  perhaps  the  most 
important  is  their  association  with  putrefaction.  If  an 
organic  substance — for  instance,  soup — be  boiled  for  some 
time  and  exposed  to  the  air,  it  slowly  begins  to  putrefy. 
A scum  forms  on  the  top,  and  this  can  be  seen  to  consist 
of  many  microbes  embedded  in  a layer  of  jelly  (zoogloea). 
The  liquor  becomes  turbid  and  gives  off  an  evil  smell  : 
examination  of  it  shows  that  microbes  abound.  After  a 
certain  length  of  time  it  becomes  clear  again  : green 
organisms  appear  in  it  and  putrescence  has  ceased.  On 
a large  scale  this  process  goes  on  everywhere  in  the  world. 
Microbes  serve  to  break  down  organic  matter  into  in- 
organic ; to  clean  up  the  debris  of  the  organic  world,  and 
so  to  prepare  the  way  for  fresh  cycles  of  life.  On  the 
other  hand,  if  some  of  the  boiling  soup  be  placed  in  a vessel 
that  has  been  itself  boiled,  and  so  freed  from  microbes, 
and  if  the  mouth  of  the  vessel  be  plugged  with  cotton 
wool  (previously  baked  for  some  time  to  kill  microbes), 
no  putrefaction  will  occur,  and  no  bacteria  will  be  found 
in  the  fluid.  Putrefaction  occurs  only  when  microbes 
get  access  to  the  substance  ; if  any  air  that  may  reach 
the  substance  be  filtered  through  cotton  wool,  the  spores 
or  microbes  present  in  the  air  are  kept  behind,  entangled 
in  the  meshes  of  the  wool.  But  so  omnipresent  are 
spores,  that  the  slightest  fleck  of  dirt,  the  use  of  a dirty 
instrument,  or  exposure  to  the  air  in  the  act  of  pouring 
out  the  hot  liquor,  allows  the  entrance  of  spores  or 
microbes  and  causes  putrefaction. 

Microbes  are  associated  with  many  kinds  of  fermenta- 
tion. Thus,  some,  like  yeast,  cause  alcoholic  fermenta- 
tion ; others  turn  milk  sour  by  causing  the  formation 
of  lactic  acid  ; others  cause  the  formation  of  acetic  acid 
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from  alcohol — />.,  “ sour”  wine  by  turning  it  into  vinegar. 
Many  that  live  in  the  soil  perform  useful  functions. 
Thus  one  microbe  aids  the  transformation  of  ammonia 
into  nitrous  acid  : another  turns  nitrites  into  nitrates  ; 
and  thus  these  two  prepare  necessary  food  for  plants  by 
turning  ammonia,  which  the  roots  of  plants  do  not 
absorb,  into  nitrates,  which  they  do  absorb.  Another  set 
of  microbes  live  in  little  colonies  on  the  roots  of  some 
forest  trees  and  of  common  pod-bearing  plants  like  peas 
and  beans  and  vetches.  Such  plants,  by  the  aid  of  the 
colonies  of  bacteria,  are  able  to  make  direct  use  of  free 
nitrogen,  whereas  most  plants  cannot  make  use  of 
it.  Thus,  in  what  farmers  call  green  manuring,  if  a 
green  crop  of  wheat  or  oats  be  ploughed  into  the  soil, 
the  decay  of  the  plants  adds  no  nitrogenous  richness 
to  the  soil,  for  all  the  nitrogen  in  these  plants  has  been 
taken  by  them  from  the  soil.  On  the  other  hand,  if  a 
crop  of  green  vetches  or  of  beans  be  ploughed  in,  the  soil 
is  enriched  in  nitrogenous  compounds,  for  beans  and 
vetches,  by  the  aid  of  the  bacteria  on  their  roots,  have 
made  use  of  the  free  nitrogen  of  the  air. 

Many  microbes  are  the  cause  of  disease  in  man  and 
animals.  In  some  cases  the  multiplication  of  the  parti- 
cular microbe  within  the  bod}'  causes  mechanical 
injuries  ; capillaries  may  be  blocked  up,  cells  and  tissues 
may  be  broken  down.  In  others,  the  microbes  form  some 
kind  of  poison  which,  carried  through  the  body  by  the 
blood,  arrests  or  disorders  functions  by  action  on  the 
nervous  system.  It  has  been  noticed  that  the  poisons  set 
free  by  such  microbes  are  fatal  to  the  microbes  them- 
selves, and,  if  death  of  the  body  aflected  does  not  occur 
in  the  interval,  diseases  due  to  microbe  poisoning  may 
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run  their  course  and  then  cease  by  the  actual  poisoning 
of  the  microbes  themselves.  An  animal  that  has  sur- 
vived an  attack  of  this  kind  is  frequently  immune  to 
further  attacks,  and  from  this  starting-point  many 
attempts  at  preventive  inoculation  have  been  made.  It 
has  been  found  that  if  disease-producing  microbes  are 
cultivated  for  several  generations  in  special  substances, 
they  are  altered  so  that  the  microbes  themselves  or  the 
poisons  they  give  out,  when  introduced  into  the  body  of 
an  animal,  cause  a change  in  the  animal  body  not  nearly 
so  disturbing  and  dangerous  as  the  changes  produced  by 
the  uncultivated  microbe,  but  yet  equally  efficacious  in 
preventing  subsequent  attacks  of  the  uncultivated  mi- 
crobe. Among  the  leading  diseases  associated  rvith  or 
caused  by  microbes  are  tubercle,  tetanus,  anthrax,  diph- 
theria, cholera,  typhoid.  But  the  relation  between 
microbes  and  diseases  is  now  in  itself  a great  branch  of 
science,  and  continual  additions  to  the  list  of  cases  are 
being  made. 

On  the  other  hand,  many  microbes  normally  present  in 
the  body  are  harmless  or  useful.  A large  number  present 
in  the  alimentary  canal  aid  the  process  of  digestion,  while 
others  are  harmless  parasites. 


CHAPTER  VIII 


SINGLE- CELLED  A NIMALS—PRO  TOZOA 
LTHOUGH  most  of  the  plants  with  which  we  arc 


familiar  consist  of  a multitude  of  cells  specialised 
for  different  purposes  and  arranged  in  different  ways, 
there  are  man}^  plants,  like  Protococcus  and  the  }’east 
plant,  each  of  which  consists  of  a single  cell.  So  also 
with  animals  ; all  the  larger  animals  consist  of  a large 
number  of  cells  specialised  for  various  purposes  and 
arranged  to  form  different  tissues  and  organs.  Rut  there 
are  very  many  animals  grouped  together  by  zoologists 
under  the  name  Protozoa,  in  each  of  which  a single  cell 
may  form  the  whole  animal.  These  simple  animals 
abound  in  nature  ; cveiy  drop  of  stagnant  water  contains 
many  of  them  ; they  are  to  be  found  in  pools  and  ditches, 
in  lakes  and  rivers,  on  the  bottom  of  the  sea  and  on  its 
surface,  and  in  the  slime  and  mud  of  the  shore.  If  some 
fluid  containing  organic  matter  be  e.xposed  to  the  air, 
single-celled  animals  will  appear  in  it  almost  as  soon  as 
bacteria,  reaching  it  from  the  air  in  the  same  way  as 
bacteria  reach  it.  Many  of  them  live  as  parasites  in  the 
bodies  of  animals  or  of  plants.  If  the  contents  of  the 
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rectum  of  almost  any  animal  that  lives  in  water  (as,  for 
instance,  a water-beetle  or  a frog)  be  examined  under 
the  microscope,  many  protozoa  will  be  found.  Other 


I'lG.  27. — a.  Amceba  proleiis,  with  retracted  pseudopodia  at  one  end 
near  which  is  the  contractile  vacuole.  At  the  other  end  are  four  pro- 
truded pseudopodia,  and  above  them  lies  the  nucleus.  Embedded  in 
the  protoplasm  are  five  food-vacuoles  containing  small  ingested  organ- 
isms. h.  Encysted  a»i«ba.  c.  Amccba  dividing  by  simple  fission. 

protozoa  live  in  the  body-cavities  and  deeper  tissues  of 
most  animals  and  in  man,  sometimes  harmlessly,  some- 
times causing  diseases  in  their  hosts. 
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One  of  the  most  abundant  of  the  protozoa  is  that  named 
Amoeba.  The  largest  Amoebae  are  just  visible  to  the  naked 
eye,  although  even  these  are  too  small  to  be  identified 
e.vcept  under  the  microscope.  The  smallest  of  them  are 
not  much  larger  than  bacteria.  They  are  to  he  found 
both  in  fresh  and  salt  water,  while  some  of  them  are 
internal  parasites  of  other  animals.  But  they  are  obtained 
most  easily  from  mud  or  slime  at  the  sides  or  at  the 
bottom  of  water  containing  organic  matter.  In  a green- 
house, where  flower-pots  are  allowed  to  stand  in  saucers, 
the  slime  collecting  in  the  saucers  is  a favourite  habitafof 
Amoeba.  So  also  is  the  slime  round  the  sides  of  tanks 
used  either  as  marine  or  as  fresh-water  aquaria.  When 
one  wishes  to  find  Amoebae  in  ordinary  ditch-  or  pond- 
water,  the  water  should  be  allowed  to  stand  in  a vessel 
until  the  mud  has  settled,  and  then  small  quantities 
removed  by  a pipette  from  the  surface  of  the  deposit  of 
sediment  should  be  examined  under  the  microscope. 
They  are  not  to  be  found  floating  through  the  bulk  of  the 
water,  for  Amoebae  are  neither  motionless,  like  the  resting 
stages  of  Protococcus,  nor  do  they  swim  actively  through 
the  water  like  its  motile  stages.  They  are  creeping  cells, 
which  move  slowly  along  some  surface  like  the  mud  at 
the  bottom  of  water  or  through  thick  slime.  Even  in 
the  very  small  area  of  a drop  of  water  between  a glass 
slide  and  a cover-slip,  they  are  usually  motionless  and 
inactive  and  difficult  to  sec,  until  they  have  sunk  to  the 
surface  of  the  slide  or  crawled  out  on  the  under  surface  of 
the  cover-slip.  They  are  also  difiicult  to  see  (until  the 
eye  has  become  accustomed  to  their  appearance)  h}’  reason 
of  their  transparency  and  absence  of  colour.  They  arc 
simply  little  naked  masses  of  protoplasm,  without  a 
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limiting  and  defining  cell-wall,  and  almost  unceasingly 
changing  their  shape.  It  is  by  their  movements  that 
they  first  attract  one’s  eye.  Amoeba  has  a thin  ex- 
ternal layer  which  is  even  more  transparent  than  the 
central  portion  of  the  cell,  which  again  appears  granular 
and  contains  various  foreign  bodies,  such  as  pieces  of 
food  which  have  been  taken  in.  The  clear  outer  layer 
contains  none  of  these.  As  one  Avatches  it,  one  may  see 
at  some  point  in  the  animal  the  more  central  granular 
layer  suddenly  flow  out,  pushing  before  it  but  not 
rupturing  the  external  layer,  so  that  a long  tongue  or 
process  called  a pseudopodium  protrudes  from  the  surface 
of  the  animal.  Sometimes  several  of  these  project  from 
different  parts,  and  none  of  them  remain  stationary  for 
long.  Thus  the  animal  is  constantly  changing  its  shape. 
In  this  Avay,  too,  it  creeps  along  ; for  the  whole  of  the 
protoplasm  may  follow  in  the  direction  of  one  pseudo- 
podium, as  has  been  already  described  in  the  case  of  the 
amoeboid  corpuscles  of  the  frog  (p.  6).  The  movements 
of  free-living  Amoeboe,  however,  are  much  more  rapid  and 
lively  than  are  those  of  amoeboid  cells.  The  pseudopodia 
may  have  different  shapes.  Sometimes,  as  is  the  case 
with  the  most  common  Amoebae  of  salt  water,  these  are 
excessively  long  and  slender,  stretching  out  to  a distance 
two  or  three  times  the  width  of  the  mass  of  the  animal. 
In  the  most  common  Amoebaj  of  fresh  Wefter  the  pseudo- 
podia are  long  but  quite  broad  and  have  rounded  ends. 
In  others  the  pseudopodia  maybe  short,  blunt,  or  pointed. 
In  the  cases  mentioned  the  jiseudopodia  appear  upon  any 
portion  of  the  surface  of  the  cell.  In  other  cases  very 
few  processes,  generally  only  two,  are  formed,  and  these 
appear  at  two  definite  points  opposite  each  other,  so  that 
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this  kind  of  Amoeba  has  an  elongate,  recognisable  shape. 
It  is  not  to  be  supposed  that  any  specimen  of  Amoeba  may 
present  all  these  dilTerent  forms  of  pseudopodia.  Careful 
observation  will  show  that  in  most  cases  they  conform  to 
one  of  the  types  mentioned.  As  in  all  cells,  there  is  a 
nucleus  in  Amoeba,  but  in  different  animals  it  has  different 
appearances.  Usually  it  is  a rounded  oval,  with  small, 
regular,  darker  masses  or  nucleoli  within  it.  Sometimes 
k is  round  ; sometimes  there  are  a large  number  of  small 
nuclei  in  place  of  one  large  nucleus. 

Amceha  is  not  the  name  of  a single  species  or  individual 
kind  of  animal.  It  is  what  is  called  the  generic  name  of 
a number  of  different  species  which  are  all  more  closely 
allied  to  each  other  than  to  any  other  kind  of  animal. 
Thus  the  dog,  wolf,  jackal,  fox,  and  the  cat,  lion,  tiger, 
and  leopard  all  are  different  species  of  animals.  But  the 
dog,  wolf,  jackal,  and  fox  are  all  closely  allied  and  similar 
in  structure,  while  the  cat,  lion,  tiger,  and  leopard  are 
similarly  related.  In  order  to  distinguish  the  animals 
and  express  these  relations  what  is  called  the  binomial 
nomenclature  was  invented.  Thus  the  generic  name  of 
the  dog  and  its  allies  is  Canis^  and  a second  or  specific 
name  is  added  to  distinguish  the  species  to  which  the 
animal  belongs.  The  dog  is  Canis  familiaris ; the  wolf. 
Cants  lupus  ; the  jackal.  Cam's  aureus.  The  generic  name 
of  the  cat  is  Felts.  Tiie  wild  cat  is  Felt's  catus.  The 
domestic  cat  is  probably  a cross  breed.  The  lion  is  Felt's 
leo.,  the  tiger.  Fells  iign's ; the  leopard,  Felts  par  das. 
Amoeba  is  a generic  name  and  there  arc  many  species 
of  Amoeba.^  no  doubt  more  difficult  to  distinguish  because 
of  the  smaller  number  of  visible  characters,  but  still 
different  aniiuals,  like  the  dog,  fox,  and  wolf.  To  a 
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certain  extent  these  species  of  Amceba  can  be  distin- 
guished by  the  shape  of  the  nucleus,  the  form  and 
appearance  of  the  pseudopodia,  and  to  an  expert  eye 
by  the  general  appearance  of  the  whole  animal.  But 
besides  the  visible  characters  the  species  are  separated 
by  many  others.  Thus  a species  that  is  accustomed 
to  liv^e  in  fresh  water  is  killed  by  being  placed  in  the  sea 
water  in  which  a sea-water  species  is  living.  An  amoeba 
of  salt  or  fresh  water  taken  into  the  alimentary  canal  of 
man  would  almost  certainly  be  killed  and  would  certainly 
not  set  up  the  diseases  caused  by  the  species  that  may  be 
found  there. 

In  certain  cases  two  Amoebae  of  the  same  species  coming 
together  go  through  what  is  called  conjugation : the 
protoplasm  of  the  two  fuse  together  and  the  two 
animals  live  as  one  for  a time.  If  Amoebae  of  different 
species  came  together,  either  no  result  would  follow  or 
one  would  eat  the  other.  By  careful  experiment,  it  has 
been  found  possible  to  accustom  Amoebae  to  unusual  con- 
ditions of  life,  tojceep  fresh-water  Amoebae,  for  instance,  in 
water  to  which  salt  has  been  gradually  added.  But  we 
have  no  reason  to  suppose  that  experiment,  however  pro- 
longed, could  change  a fresh-water  species  into  one  of  the 
existing  salt-water  species,  although  it  is  possible  that  it 
might  turn  the  fresh-water  form  into  a new  salt-water 
variety.  It  seems  to  be  as  true  of  the  species  of  Amoebae 
as  of  the  species  of  all  animals,  that  species  are  kinds  of 
animals  with  distinct  structure,  properties,  and  habits, 
and  that  although  it  may  be  possible  to  change  or 
modify  the  structure  or  properties  or  habits  of  a species 
by  subjection  to  unusual  conditions,  it  is  not  possible  to 
turn  one  species  into  another  existing  species. 
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The  most  convenient  Amoeba  to  study  is  Anmba 
proicus,  the  largest  found  in  fresh  water.  In  this,  tlie 
pseudopodia  are  long  but  wide  and  are  usually  rounded 
or  even  expanded  at  their  ends.  The  nucleus  is  not  easily 
seen  unless  the  specimen  has  been  killed  and  stained,  but 
even  in  a living  state  it  may  be  recognised  as  a rounded 
oval  structure  embedded  in  the  granular  protoplasm, 
darker  in  colour,  and  of  more  even  texture.  It  can 
move  freely  in  the  protoplasm  and  shifts  its  position 
during  the  creeping  movements  of  the  animal.  A large 
contractile  vacuole  is  always  present  and  its  slow  ex- 
pansion and  quick  contraction  can  be  studied  with  ease. 

As  Amoeba  moves  about,  it  comes  in  contact  with  various 
little  animals  and  plants  living  in  the  same  mud  or  water. 
It  may  be  observed  ingesting  these,  taking  them  into  its 
interior  at  any  point.  Sometimes  two  pseudopodia  entrap 
the  prey  between  them,  and  fusing  together  embed  it  in 
the  common  mass  of  the  animal.  When  the  prey  is  part 
of  the  filament  of  an  alga  like,  for  instance,  Spirogyra, 
the  Amoeba  engulfs  a portion  which  remains  attached  to 
the  rest  of  the  plant.  It  is  such  small  animals  and  plants 
that  form  the  food  of  Amceba.  The  ingested  prey  may  be 
seen  to  lie  in  the  protoplasm  surrounded  by  a small  layer 
of  fluid  which  consists  partly  of  water  unavoidabl}^  taken 
in  with  the  food,  but  which  also  contains  some  digestive 
juice  similar  to  gastric  juice  and  secreted  by  the  proto- 
plasm. This  little  space  containing  digestive  juice  and 
food  is  known  as  a food  vacuole,  and  several  of  them  may  be 
seen  in  one  ^Vnimba.  'riie  living  material  of  the  ingested 
animal  or  plant  is  acted  upon  by  the  digestive  juice,  and 
its  proteids  are  turned  into  soluble  material.  The 
digestion  of  the  food  can  be  watched  best  when  it  is  a 
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^rccn  plant.  First  the  chloropliyll  is  destroyed  and  all 
the  soft  part  of  the  plant  disappears,  leavin<^’  behind  oidy 
the  cellulose  wall  and  a few  particles  of  indigestible 
debris,  ddie  nutritive  juice  thus  formed  gradually 
passes  out  of  the  vacuole  and  gets  lost  to  sight  in  the 
minute  spaces  of  the  protO[)lasm.  Finally,  the  indiges- 
tible remains  are  squeezed  out  of  the  Amoeba  at  the 
nearest  point. 

Fixperiments  show  that  Amoeba  requires  either  living 
protoplasm,  in  the  form  of  the  bodies  of  animals  or 
plants,  or  dead  proteid  matter,  like  raw  beef  or  white 
of  egg,  in  order  to  live  or  grow.  It  cannot  digest 
starch  or  fat,  and,  unlike  a plant,  is  unable  to  build  up 
proteid  material  from  simple  inorganic  salts  : nor,  unlike 
the  yeast  plant,  can  it  make  use  of  ammonium  tartrate 
as  its  nitrogenous  supply.  Like  the  yeast  plant  and  green 
plants  when  sunlight  is  not  acting  upon  their  chlorophyll 
it  requires  a supply  of  oxygen.  Mineral  substances, 
which  appear  simply  to  be  those  entering  into  the  com- 
position of  protoplasm,  it  obtains  partly  from  the  proto- 
plasm of  the  organisms  it  eats  and  partly  from  the  small 
quantities  of  salts  which  are  present  even  in  fresh  water. 
For  its  life-history,  then.  Amoeba  requires  small  quantities 
of  mineral  matter,  proteid,  either  in  the  form  of  living 
animals  which  is  the  natural  condition,  or  supplied  ^ it 
artificially,  water,  which  it  gets  directly  from  its  sur- 
roundings, and  oxygen  which  is  dissolved  in  the  water. 
The  protoplasm  or  proteid  is  digested  and  absorbed  and  the 
nutritive  material  passes  into  the  interstices  of  the  proto- 
plasm. The  indigestible  portion  is  excreted  or  turned  out. 
The  real  waste  matter  of  the  Amoeba,  that  which  comes 
from  the  actual  wear  and  tear  of  its  protoplasm  in  the 
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processes  of  life,  is  secreted  into  the  contractile  vacuole 
and  then  discharged  as  an  excretion  from  that,  just  as 
nitrogenous  waste  is  removed  from  the  blood  by  the 
kidneys  and  discharged  from  the  bladder  to  the  exterior. 

As  a matter  of  direct  observation  it  is  not  known  how 
the  carbonic  acid,  the  result  of  the  oxidising  process  of 
the  living  protoplasm,  is  removed,  but  probably  it  is  dis- 
charged into  the  Avater  just  as  the  oxygen  is  taken  up 
from  the  water. 

It  is  to  be  noticed  that  all  these  processes  of  taking  in, 
building  up,  and  giving  out,  go  to  make  up  what  is  called 
the  vital  activity  of  protoplasm.  In  the  complicated 
bodies  of  higher  animals  mechanical  conditions  may  come 
into  operation.  Thus,  for  instance,  the  absorption  of 
o.xygen  by  the  lungs  and  the  discharge  of  carbonic  acid 
may  be  aided,  in  accordance  with  the  laws  of  diffusion 
of  gases,  by  the  difference  between  the  low  pressure  of 
o.xygen  in  the  venous  blood  and  the  higher  pressure  in 
the  atmospheric  air  in  the  alveoli  of  the  lungs  ; while  the 
e.xcretion  of  carbonic  acid  may  be  aided  by  the  fact  that 
the  blood  in  the  lungs  contains  an  abnormally  large 
amount  of  that  gas,  while  the  air  contains  a very  small 
amount.  In  such  a condition  of  things  the  laws  of  the 
diffusion  of  gases  may  come  into  operation.  But  in  the 
case  of  Amoeba  there  is  no  arrangement  of  this  kind,  and 
it  is  important  to  remember  that  it  is  one  of  the  pro- 
perties of  the  protoplasm  of  Amoeba,  and  in  all  probability 
of  all  protoplasm,  to  absorb  o.xygen  and  discharge  carbonic 
acid  independently  of  pressure  and  diffusion.  So  also  with 
the  discharge  of  the  nitrogenous  waste  matter.  In  the 
body  of  man  the  separation  from  the  blood  in  the  kidneys 
of  urea  and  of  water  may  be  aided  by  the  mechanical 
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conditions  of  the  complicated  structure  of  the  kidneys. 
But  in  Amoeba  this  secretion  and  discharge  of  waste 
matter  goes  on  independently  of  specially  adapted  struc- 
tures. It  is  one  of  the  properties  of  the  protoplasm  of 
Amoeba,  and  probably  of  all  protoplasm,  to  remove  nitro- 
genous waste  matter. 

When  Amoeba  has  an  abundant  supply  of  food,  the 
building  up  of  new  protoplasm  goes  on  more  rapidly  than 
the  process  of  breaking  down,  and  the  Amoeba  grows 
larger.  As  is  the  case  with  all  cells,  there  is  a limit  of  size 
beyond  which  an  Amoeba  does  not  go.  Instead  of  grow- 
ing larger,  or  of  ceasing  to  feed,  reproduction  takes  place. 
It  cannot,  however,  be  said  that  reproduction  is  simply  the 
direct  result  of  the  attainment  of  a certain  size.  The  size 
at  which  it  takes  place  is  different  in  the  case  of  different 
species  of  Amoeba,  and  even  varies  in  the  case  of  indi- 
viduals of  the  same  species.  In  the  ease  of  many  single- 
celled  animals,  although  not  in  the  case  of  Amoeba,  it  has 
been  shown  that  although  the  most  abundant  supply  of 
food  be  giv^en,  and  the  other  conditions  be  favourable  to 
active  growth,  reproduction  by  division  will  not  go  on  for 
an  indefinite  number  of  generations.  After  a time  the 
individuals  appear  to  become  more  languid  and  feeble 
and  the  greater  number  of  them  die.  A few,  how'ever, 
undergo  the  process  of  conjugation.  In  the  case  of  Spiro- 
gyra  it  will  be  remembered  that  in  unfavourable  con- 
ditions a kind  of  sexual  reproduction  took  place.  The 
protoplasm  of  two  cells  united  to  form  a spore.  In  the 
case  of  some  Protozoa  after  two  eells  have  come  together, 
the  nuclear  matter  of  eaeh  and  the  protoplasm  of  each 
unite,  and  the  whole  mass  becomes  enclosed  in  a firm 
cell-wall  and  breaks  up  into  a set  of  spores.  In  other 
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cases,  after  the  two  cells  come  together  in  the  process  of 
conjugation,  a complicated  interchange  of  nuclear  matter 
and  apparently  of  protoplasm  goes  on  between  the  two, 
and  idlimately  the  two  separate  again,  and  each  takes  uj') 
the  usual  method  of  reproduction  by  simple  di\  ision.  In 
Amoeba  the  jirocess  of  conjugation  has  been  noticed,  but 
the  exact  details  of  what  occurs  are  not  known.  It  is, 
however,  clear  that  although  reproduction  by  division  is 
due  in  the  first  place  to  growth,  this  process  will  not 
occur  to  an  indefinite  extent  in  any  indi\’idual  case  ; re- 
production is  not  a simple  effect  of  overgrowth.  As  in  the 
case  of  excretion  and  respiration,  we  have  to  fall  back  on 
the  statement  that,  as  an  observed  fact  it  is  a property  of 
the  mass  of  protoplasm  known  as  a cell  to  divide. 

The  actual  process  of  reproduction  in  Amoeba  begins 
with  the  nucleus.  This  becomes  elongated  ; a contraction 
appears  in  the  middle,  giving  it  a dumb-bell  shape  ; the 
contraction  deepens  until  the  elongated  nucleus  is  sepa- 
rated into  two  nuclei.  During  the  division  of  the  nucleus 
the  surrounding  protoplasm  also  constricts,  and  ultimately 
the  whole  animal  divides  in  two  (Fig.  27.  c).  In  this  pro- 
cess there  is  no  trace  of  any  distinction  between  the  two 
halves  of  the  daughter  AmoeFe.  Both  are  exactly  alike, 
and,  except  in  size  until  they  have  grown,  they  areexactl}' 
like  the  parent  cell. 

One  notable  point  in  which  the  reproduction  of 
Protozoa  by  simple  division  differs  from  the  reproduction 
of  higher  animals  must  be  noticed.  A man,  or  a cat,  or 
dog  giv'cs  rise  to  sons  and  daughters  and  ultimately  dies. 
In  the  case  of  Amoeba,  the  sons  and  daughters  are  them- 
selves the  body  of  the  parent ; the  single  Amoeba  as  an 
individual  disappears.  As  a mass  of  protojdasm  it  is  not 
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subject  to  death  except  as  an  accident.  As  we  know  only 
of  reproduction  by  simple  division  in  the  case  of  AmcEba 
and  of  many  other  Protozoa,  those  alive  just  now  have 
descended,  so  far  as  we  can  infer,  in  a direct  continuous 
chain  of  division  from  the  first  Ammbie  that  ever  lived. 

I'here  is  one  other  occurrence  in  the  life  of  Amoeba  which 
must  be  noticed.  Occasionally,  especially  under  unfavour- 
able conditions,  a thin  skin  or  cell-wall  forms  round  the 
Amceba.  This  is  excreted  by  the  protoplasm  and  is  a 
substance  of  a horny  nature.  The  pseudopodia  are  with- 
drawn, the  animal  assumes  a spherical  shape  and  the 
cell-wall,  or  cyst,  becomes  thick  and  nearly  opaque  (Fig. 
27.  h).  After  a period  of  quiescence  the  wall  of  the  cyst 
ruptures,  and  the  Amoeba  creeps  out,  leaving  behind  it  the 
empty  cyst.  Except  that  it  may  serve  as  a means  of  pro- 
tection against  untoward  influences,  the  meaning  of  this 
process  of  encystment  is  not  known. 
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IN  many  Protozoa  allied  to  Amoeba  the  pseudopodia 
assume  peculiar  shapes.  A single,  long,  tapering 
pseudopodium  which  is  vibratile  but  cannot  be  with- 
drawn resembles  very  closely  the  two  long  cilia  or 
flagella  to  be  found  in  the  motile  stages  of  Protococcus. 
Sometimes  the  pseudopodia  are  branched  at  the  tips.  In 
others  the  tips  are  expanded  into  tiny  knobs,  which  under 
the  microscope  give  the  appearance  of  minute  pins 
inserted  into  the  cell  by  their  points,  as  is  shown  in  Fig. 
28.  An  occurrence  of  very  great  interest  may  be  seen  in 
a protozoon  with  tentacle-likc  pscudopodia  by  any  one 
who  cares  to  watch  sufficiently  long  for  its  occurrence. 
The  Protozoon  in  question  is  an  acinetan  called  Spha:ro- 
plirya  (Fig.  28).  It  is  common  in  fresh-water  jmnds  in 
this  country,  and  may  be  found  if  the  method  recom- 
mended on  jiage  10  be  followed.  It  is  a small  form, 
nearly  circular,  and  possessing  a large  number  of  very 
long  slender  pscudopodia  with  knobs  at  their  tips.  These 
knobs  consist  of  liquid  tenacious  protoj)lasm,  probably 
with  poisonous  properties.  By  them  small  swimming 
Protozoa  are  captured,  and  in  a captured  animal,  after  a 

short  struggle,  the  movements  of  life  are  paralysed,  and, 
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by  the  bending  of  the  knobbed  pseudopodium,  the  prey  is 
gradually  pulled  into  the  cell-body  and  there  engulfed. 
Here,  then,  is  a case  where,  instead  of  a simple  pseudo- 
podium which  may  disappear  and  be  reformed  at  any 
moment,  there  is  a more  elaborate  structure  specialised 
for  a particular  purpose.  Sphcvrophrya  may  be  seen  to 
divide  by  simple  trans- 
verse fission. 

In  Fig.  28.  a this  has 
occurred,  and  the  two 
daughter  cells  are  be- 
ginning  to  draw  apart. 

'fhe  only  difference  to 
be  noticed  between  the 
two  is  that  one  is  rather 
smaller.  In  Fig.  28. 
which  was  drawn  from 
the  specimens  about 
fifteen  minutes  after 
Fig.  28.  (7,  the  smaller 
result  of  the  division 
shows  a more  irregular 
shape,  and  its  knobbed 
pseudopodia,  at  first  of 
equal  length  to  those 
of  the  larger  animal. 


I<'iG.  28. — An  Aciiietan  dividing. 

a.  The  two  daughter  cells  are  alike  ; 

b.  one  cell  bccome.s  irregular  in  shape 
and  the  suckers  are  shorter ; c.  the 
cell  is  elongating ; d.  the  suckers, 
except  at  one  end,  have  broken  down 
into  a zone  of  protoplasm  ; e.  This 
zone  has  broken  up  into  cilia,  and  the 
animal  begins  to  swim. 


At  Fig.  28.  c,  drawn  a few  minutes  later. 


have  become  much 
shorter. 

the  smaller  organism  has  become  much  more  elon- 
gated and  nearly  oval  ; and  a large  and  active  con- 
tractile vacuole  appears  in  it.  Suddenly,  as  one  watches 
it  under  the  microscope,  a most  remarkable  change 
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occurs.  The  knobbed  tentacles  at  one  end  of  the  oval 
break  down  into  a faint  transj)arcnt  layer  ol  proto- 
plasm, as  shown  in  Fig.  28.  r/,  and  almost  as  suddenly  this 
layer  of  protoplasm  breaks  up  into  a number  of  delicate 
short  waving  lines  of  protoplasm.  These  are  called  cilia, 
little  hairs,  and  by  their  rapid  vibrations  the  oval  animal, 
hitherto  stationary,  is  propelled  through  the  water  at  a 
pace  which  makes  it  dithcult  to  keep  it  in  the  field  of  the 
microscope  (Fig.  28.  c).  After  a short  period  of  vagrant 
life  the  animal  settles  down  ; the  cilia  again  disappear 
and  knobbed  pseudopodia  take  their  place,  while  the 
nearly  spherical  form  is  assumed  again.  Cilia,  t li  e n , 
in  their  simplest  condition  are  proto- 
plasmic structures  to  be  regarded  as 
specialised  pseudo  podia. 

A large  number  of  the  most  common  Protozoa  are 
characterised,  among  other  features,  by  the  possession  of 
cilia.  These  have  two  chief  uses  : they  may  serve  to 
propel  the  animal  through  the  water,  or,  when  the 
animal  remains  stationary,  their  vibrations  may  draw 
currents  of  water  towards  the  animal  itself,  and  in  these 
currents  are  carried  the  small  organisms  which  serve  as 
food.  Another  feature  in  the  ciliate<l  Protozoa  is  that 
their  [)rotoplasm  instead  of  being  naked,  as  in  Amceba,  is 
jnotccteil  by  a ilelicate  cell-wall.  This,  like  the  cyst  of 
Amoeba,  is  a horny  material  secretcal  by  the  protoplasm. 
A great  advance  in  complexity  of  structure  results. 
Amceba  and  other  nakcd-walled  Protozoa  can  take  in  food 
at  any  point  of  their  surfaces.  In  the  other  forms,  the 
cell-wall  either  jn'cvents  this  or  makes  it  difficult.  And 
so  in  the  ciliated  Protozoa  a small  part  of  the  surface  is 
usually  unprotected  by  cell-wall  and  serves  as  a mouth 
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to  take  in  food  and  an  anus  by  which  excreta  are  dis- 
charged. 'Phis  soft  part  of  the  surface  of  the  animal,  no 
doubt  for  reasons  of  safety,  is  frequently  sunk  down  until 
it  conies  to  lie  at  the  bottom  of  a funnel-like  depression 
which  may  be  called  the  pharynx  or  gullet.  Round  about 
this,  special  bands  of  cilia  serve  to  sweep  currents  in 
towards  the  mouth,  and  the  whole  depression  may  be 
cov'^ered  and  protected  by  a movable  part  of  the  body  of 
the  animal  which  serves  as  a flap  or  lid  to  the  pharynx. 
It  is  to  be  remembered  that  all  this  structure  is  within  a 
single  cell.  The  parts  are  not  formed  by  the  arrange- 
ment of  many  cells,  like  the  mouth,  gullet,  and  so  forth, 
of  higher  organisms.  Organisation,  the  formation  of 
organs,  although  most  familiar  to  us  in  the  case  of  many- 
celled  animals,  exists  in  single-celled  animals  also.  The 
capacity  of  becoming  organised,  then,  is  one  of  the  pro- 
perties of  protoplasm. 

Among  common  ciliated  Protozoa  are  the  bell-animal- 
cules of  the  genus  Voriicclla.  The  various  species  of 
this  are  to  be  found  almost  everywhere,  in  fresh  water  or 
in  sea  water.  They  are  small  in  size,  but  under  the 
microscope  they  may  be  recognised  at  once  by  their 
hahits  ami  shape.  Each  consists  of  an  oval  or  bell- 
shaped  head  attached  to  water-weed  or  pieces  of  stone,  or 
even  to  the  shells  or  bodies  of  small  aquatic  animals, 
d'he  whole  animal,  which,  although  very  complicated,  is 
a single  cell,  is  clad  with  a delicate  cell-membrane.  ^\t 
what  may  be  called  the  lower  or  attached  end  of  this,  the 
membrane  is  drawn  out  into  a long,  exceedingly  delicate, 
hollow  stalk  by  the  extreme  end  of  which  it  is  anchored. 
Within  this  hollow  stalk  a darker  protoplasmic  thread 
runs  from  the  protoplasm  of  the  cell-body  in  a very 
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loosely  twisted  spiral  to  the  extreme  end  of  the  stalk. 
Under  the  higher  powers  of  the  microscope  this  axial 
thread  of  protoplasm  is  seen  to  be  granular,  and  the 
granules  are  arranged  in  lines  across  the  short  diameter 


I'  lG.  29. — Living  Vorticella  in  the  act  of  expanding  ; tlie  s])iral  stalk 
with  central  conliaclile  thread  is  uncoiling  ; the  peristome  has  expanded 
and  the  cilia  are  in  active  motion  ; under  the  raised  edge  of  the  disc  a 
ciliated  pharynx  ]iasses  into  the  interior  of  the  cell  ; to  \hc  right  of  the 
l)harynx  the  pulsating  vacuole  is  seen  as  a clear  spot  ; looped  in  the 
protoplasm  is  the  horse-shoe-shaped  nucleus  ; several  food-vacuoles 
ap[iear  as  dark  spots. 


of  the  thread,  git’ing  it  a striated  appearance.  The 
slightest  jar  causes  the  stalk  to  contract,  and  the  contrac- 
tion consists  in  the  loose  spiral  of  the  thread  of  proto- 
plasm suddenly  coiling  into  a very  tightly  rolled  spiral, 
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SO  lhat  the  stalk  is  shortened  into  a thick  coiled  cylinder 
not  so  long  as  the  bell-shaped  head,  which  is  pulled  down 
close  to  the  point  of  support.  The  contraction  is  due, 
not  to  a change  in  the  actual  bulk  of  the  protoplasm, 
but  to  a change  in  shape.  So  also  in  the  muscles  of 
higher  animals  the  shortening  of  a muscle  fibre  is  always 
accompanied  by  a change  proportionate  to  the  increase 
in  the  thickness  of  the  fibre.  The  unrolling  of  the  spiral, 
and  the  consequent  protrusion  of  the  Vorticella  from  its 
place  of  anchoring,  takes  place  much  more  slowly. 

In  the  contracted  condition  the  head,  or  cell-body,  of 
Vorticella  is  nearly  globular.  As  the  uncoiling  proceeds, 
the  globe  slowly  becomes  bell-shaped.  The  circular 
edge  of  the  bell  mouth,  wdiich  has  been  tucked  into  the 
bell  cavdty,  first  expands,  and  is  seen  to  form  a circular 
lip,  of  which  the  edge  all  round  is  slightly  folded  back. 
This  is  called  the  peristome,  because  it  surrounds  the 
stoma,  or  mouth.  As  the  peristome  expands,  the  edge  of 
a circular  disc  lying  in  the  mouth  of  the  bell  is  pushed 
up,  like  the  lid  of  a “ Jack-in-the-box,”  and  from  between 
the  pushed-up  edge  and  the  inner  edge  of  the  peristome 
one  or  two  long,  stout  bristles  are  protruded.  At  the 
same  time  a circle  of  long  cilia  which  are  arranged  round 
the  edge  of  the  disc  begin  to  vibrate  very  rapidly  and  to 
cause  a whirlpool  in  the  water,  by  which  any  small 
floating  objects  are  drawn  inwards  to  the  opening  under 
the  edge  of  the  disc.  This  opening  leads  into  a funnel- 
shaped  depression,  the  pharynx,  lined  with  vibratile  cilia, 
and  leading  inwards  to  the  centre  of  the  cell.  At  the 
bottom  of  this  depression  a small  area,  not  covered  by 
cell-wall,  serves  as  the  actual  mouth  by  which  food- 
parLicles  drawn  into  the  pharynx  by  the  action  of  the 
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cilia  are  actually  taken  into  the  protoplasm.  Another 
soTt  area  at  the  siile  of  the  funnel  serves  as  the  anus  by 
whieh  the  indigestible  portions  of  the  food  are  extruded. 
In  the  i)rotoplasin  near  the  anus  is  a large  contractile 
vacuole,  whieh  one  may  see  slowly  ex[)anding  and  rapidly 
discharging  its  contents  into  the  pharynx,  from  which 
they  escape  to  the  exterior.  In  the  protoplasm,  also, 
many  food  vacuoles,  like  those  of  Amoi-ba,  may  be  seen  at 
different  places.  Lastly,  the  nucleus  can  be  seen  as  a very 


Fig.  30. — a.  Diagram  of  Vorticclla.  t).  Motile  form.  c.  Tincysled 
Vorliccllii  willi  Ijcaded  nucleus,  d.  One  of  the  sjiores  into  which  c 
divides,  e h.  Stages  in  the  devclo|rment  of  spore  into  adult  form. 

long  and  rather  narrow  granular  mass,  twisted  into  a 
horse-shoe  shape. 

Notwithstanding  the  much  greater  complexity  of  this 
unicelltdar  animal  the  processes  of  respiration,  digestion, 
and  excretion  take  [ilace  precisely  as  in  .Vimeba.  As  it  is 
fixi'd  to  a partietdar  spot,  and  so  can  be  kept  under 
observation  more  easily,  it  is  more  easy  to  experiment 
with.  If  granules  of  carmine  be  placed  in  the  water  near 
it,  the  direction  of  the  ciliary  currents  may  be  observed, 
and  the  precise  spot  at  which  the  lood  material  is  taken  into 
the  protoplasm  may  be  noted.  It  is  possible  also  to  study 
the  motion  of  the  cilia  in  detail.  By  the  introduction  into 
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the  watcron  the  slide  of  a minute  trace  of  dilute  iodine — 
or  better,  of  a drop  of  water  into  which  tobacco  smoke 
has  been  blown  through  a tube — the  mov^ements  ot  the 
cilia  may  be  made  slower,  although  a slight  overdose 
permanently  arrests  them.  If  a single  cilium  be  watched, 
the  movement  mav  be  seen  to  consist  of  a series  of  c]uick 
bendings  in  one  direction,  each  bending  being  followed 
by  slower  recovery  of  the  straight  position.  The  cilia 
are  themselves  protoplasmic  structures,  and  the  bending 
and  recovery  are  due  to  alternate  contractions  of  the 
protoplasm  on  cither  side  of  the  cilium.  Ciliary  motion, 
then,  is  a form  of  protoplasmic  activity. 

Reproduction  in  Vorticella  is  more  complicated  than 
in  Amoeba.  First,  reproduction  by  longitudinal  fission 
occurs.  The  nucleus  divides  as  in  Amoeba,  and  then 
division  of  the  cell-body  occurs.  At  first  the  two  daughter 
cells  remain  attached  to  a common  stalk,  and  in  many 
close  allies  of  Vorticella,  “ colonial  forms,”  with  a number 
of  heads  on  the  same  stalk,  may  thus  be  formed.  But  in 
Vorticella,  one  part  remains  attached  to  the  stalk,  the 
other  half  grows  barrel-shaped,  and  towards  the  lower 
end  of  the  barrel  a second  ring  of  cilia  develops  (Fig.  30. 
/;).  Then  the  barrel-shaped  Vorticella  leaves  the  parent 
stalk,  and  propelled  by  the  ring  of  cilia  swims  about 
actively  for  a time.  Ultimately  it  settles  down,  and  a 
stalk  grows  out  by  which  it  is  anchored  in  a new  locality, 
and  it  becomes  indistinguishable  fri^)m  the  parent  organism 
or  from  its  stationary  twin.  In  this  way  the  fixed  Vorti- 
cella  may  spread  from  place  to  place,  and  those  animals 
that  settle  down  in  positions  favourable  for  food  survive. 
Occasionally,  however,  it  may  be  seen  that  a fi.xed  form 
gives  rise  directly  to  the  vagrant  form  by  developing  a 
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posterior  ring  of  cilia  and  breaking  away  from,  its  stalk. 
This  happens  in  circumstances  where  the  water  is 
evaporating,  as,  for  instance,  when  a number  of  Vorticella 
are  kept  for  a few  hours  under  observation  in  a very 
small  quantity  of  water. 

In  a second  form  of  reproduction  the  Vorticella  divides 
into  a large  and  a small  portion,  the  latter  part  appearing 
simply  like  a bud  upon  the  larger.  The  small  cell 
becomes  an  elongate,  barrel-shaped,  vagrant  form,  with  a 
posterior  ring  of  cilia,  as  in  the  case  first  mentioned,  the 
only  difference  in  appearance  being  that  the  V’agrant  buds 
are  very  small.  Sometimes  the  \’'orticella  divides  in  two, 
and  while  one  half  remains  attached  to  the  stalk  the 
other  breaks  up  into  several  vagrant  lorms.  Thus,  when 
this  kind  of  division  has  been  occurring,  there  result  a 
number  of  fixed  forms  and  a number  of  small  wandering 
forms.  Between  these  conjugation  may  occur.  A 
vagrant  form  comes  up  to  one  of  the  fixed  forms  to 
which  it  has  wandered,  and  the  protoplasm  of  the  two 
completely  fuses,  the  small  vagrant  forms  being  entirely 
absorbed  in  the  fixed  form.  After  the  process,  reproduc- 
tion by  fission  occurs  more  vigorously  in  tbe  fixed  form. 
The  interest  of  this  process  of  conjugation  is  that  it 
foreshadows  the  sexual  reproduction  of  higher 
animals.  The  large  fixed  form  represents  the 
e g g - c e 1 1 of  the  female,  which  is  usually 
large  and  stationary;  while  the  small, 
actively  swimming  form  corresponds  to 
the  spermatozoon,  ^v  h i c h is  a small, 
freely  moving  cell  that  seeks  out  and 
fuses  with  the  e g g - c e 1 1 . 

A third  method  of  reproduction  is  preceded  by  encyst- 
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ment.  A Vorticella  becomes  detached  from  its  stalk,  and 
secretes  a thick  cell-wall  (Fig.  30.  c).  Within  this  the 
nucleus  and  the  protoplasm  break  up  into  a number  of 
little  spores,  in  each  of  which  there  is  a portion  of  the 
nucleus  and  some  protoplasm.  A cell-wall  forms  round 
each  spore,  and  ultimately  the  cyst  ruptures,  liberating 
the  spores.  It  is  by  these  that  Vorticella  most  easily  gets 
carried  from  place  to  place,  by  the  wind  or  by  other 
agencies.  The  thick  wall  of  the  spore  protects  it  against 
untoward  influences.  When  the  spore  reaches  a place 
favourable  to  development,  its  wall  ruptures  and  the 
protoplasm  creeps  out  as  a little  naked,  partly  amoeboid, 
mass  of  protoplasm.  This  rapidly  becomes  elongated,  and 
develops  a ring  of  cilia  (Fig.  30.  d to  //).  It  swims  about 
actively,  and  finally  settles  down  as  the  adult  form,  with 
stalk,  pharynx,  peristome,  disc,  and  so  forth.  This  fore- 
shadows another  feature  of  the  reproduction  of  higher 
animals.  The  first  stage  in  the  life  of  the  young  of  a 
worm,  or  a frog,  or  a man  is  very  unlike  the  adult  stage. 
It  is  a simple  single  cell,  which  only  after  a long  and 
complicated  scries  of  changes  becomes  like  the  adult. 
Sometimes,  as  in  man,  all  these  changes  go  on  within  the 
body  of  the  mother  ; sometimes,  as  in  the  frog,  some  of 
the  stages  swim  actively  about  as  tadpoles,  get  their  own 
food,  and  live  exactly  as  complete  animals  while  they  are 
finishing  their  development.  But  in  the  cases  of  higher 
animals  the  building  up  of  the  adult  form  takes  place  by 
the  multiplication  of  cells.  The  animal  begins  as  a single 
cell  : the  adult  is  formed  almost  of  innumerable  cells. 
In  the  case  of  Vorticella  the  adult  animal  and  each  stage 
in  its  growth  is  to  be  regarded  as  a single  cell.  The 
development  of  the  animal  consists  in  the  organisation 
and  specialisation  of  its  protoplasm. 


CHAPTER  X 


THE  DIFFERENCE  BETWEhN  ANIMALS  AND 


E have  now  passed  in  review  a sufTicient  number 


of  the  lower  forms  of  life  to  understand  the 


differences  between  plants  and  animals.  It  is  only  by  a 
consideration  of  these  low  forms  that  we  can  arrive  at  an 
exact  idea  of  the  distinction  between  the  animal  and 
vegetable  kingdoms,  because  most  of  the  distinctions  with 
which  we  are  familiar  in  the  higher  forms  do  not  hold 
when  we  try  to  trace  them  back  to  the  lower.  Eor 
instance,  it  is  easy  to  distinguish  between  a cow  and  a 
cabbage  : the  animal  is  an  actively  moving  form  ; the 
plant  remains  fixed  in  the  soil.  Rut  some  lower  forms  ot 
animals,  such  as  Vorticella,  arc  usually  fixed  to  one  spot, 
while  many  of  the  lower  plants,  like  Protococcus,  have 
freely  swimming  motile  phases.  The  cow  has  a compact 
solid  shape  with  the  chief  organs  embedded  in  the  central 
mass  of  the  body.  It  has  a mouth  and  a stomach,  a heart 
and  blood,  lungs  and  a nervous  system,  and  internal 
generative  organs.  In  the  cabbage,  the  organs  are  not 
aggregated  into  a solid  mass,  but  appear  as  thin,  diverging 
leaves  and  (lowers  and  roots.  The  cabbage  takes  in  food 
and  air  by  roots  and  leaves,  it  has  no  nervous  system  and 
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no  blood.  But  all  these  distinctions  disappear  when  we 
come  to  distinguish  between  Protococcus  and  Amoeba.  If 
there  is  any  notable  dilTerence  in  shape  the  Protococcus  is 
the  more  compact,  the  Amoeba  more  branched  and  diver- 
gent. Neither  have  lungs  nor  leaves,  nervous  system, 
stomach,  nor  heart.  The  cow  may  be  almost  any  colour  ; 
the  prevailing  colour  of  the  cabbage  is  green  on  account 
of  the  chlorophyll  of  the  leaves  ; but  many  plants,  like  the 
yeast  plant,  and  most  bacteria,  have  no  chlorophyll,  and 
are  therefore  devoid  of  the  familiar  green  tint  of  plants. 
Cows,  like  all  animals,  take  in  oxygen  and  give  out  car- 
bonic acid.  Cabbages,  like  all  green  plants,  in  sunlight 
take  in  carbonic  acid  and  discharge  oxygen  ; but  we  have 
learned  that  it  is  the  property  of  all  living  protoplasm  to 
take  in  oxygen  and  discharge  carbonic  acid,  and,  in  the 
case  of  green  plants,  that  this  process  is  merely  obscured, 
during  the  hours  of  sunlight,  by  the  opposite  process,  due 
to  the  agency  of  chlorophyll.  Even  the  cabbage  at  night 
takes  in  oxygen  and  gives  out  carbonic  acid,  while  many 
plants,  like  the  yeast  plant  and  most  bacteria,  always 
need  oxygen  and,  like  animals,  discharge  carbonic  acid. 

It  will  be  convenient  to  sum  up  the  general  distinctions 
between  animals  and  plants  before  we  attempt  to  follow 
them  out  in  the  lowest  forms.  The  usual  shape  of  plants 
is  branched  and  irregular  ; their  tissues  grow  chiefly  by 
extension  in  lines  and  sheets.  The  usual  shape  of  animals 
is  compact  and  solid  : their  tissues  grow  as  solid  organs, 
forming  rounded,  bulky  masses.  The  shape  of  an  animal 
is  therefore  more  or  less  definite  and  characteristic  ; the 
shape  of  a plant  is  quite  irregular  and  capable  of  exten- 
sion almost  in  any  direction.  The  plant,  as  a whole,  is 
usually  stationary.  Its  organs,  like  root-hairs,  or  leaves 
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or  tendrils  may  hav’c  limited  powers  of  movement,  but 
the  plant  as  a whole  remains  stationary.  The  animal 
body,  on  the  other  hand,  in  the  vast  majority  of  cases 
moves  as  a whole  ; it  is  active  and  muscular.  The 
whole  surface  of  a plant  exposed  to  the  air  forms  the 
organ  of  respiration,  and  from  the  arrangement  of  the 
tissues  in  flat,  thin  sheets  and  layers,  the  process  of  respira- 
tion without  special  organs  is  rendered  easy.  On  the 
other  hand,  the  internal  tissues  of  animals  are  so  far 
removed  from  the  outer  air  that  special  organs  of  circula- 
tion and  respiration  are  present,  except  in  the  simplest 
forms. 

A plant  takes  in  its  food  in  the  form  of  gases  or  solids 
in  solution,  by  its  leaves  and  roots.  An  animal  takes  its 
food  in  solid  form  by  a moulh,  and  prepares  it  for 
absorption  in  a stomach.  All  animals  require  nitrogenous 
food  in  the  form  of  proteid  matter,  and  all  animals  take 
in  oxygen  and  discharge  carbonic  acid.  All  green 
plants  are  able  to  build  up  starch  from  water  and  the 
carbonic  acid  of  the  air  ; with  this  supply  of  starch  they 
are  able  to  build  up  proteid  although  nitrogen  is  supplied 
to  them  only  in  simple  salts  like  nitrates.  On  the  other 
hand,  a few  green  plants,  like  the  insect-eating  plants,  are 
able,  in  addition,  to  digest  and  absorb  proteid  matter, 
although  in  their  case  the  digestion  of  the  proteid  takes 
place  outside  the  ])lant  body  by  means  of  digestive  juices 
poured  out.  d'he  fungi,  being  plants  devoid  of  chlorophyll, 
absorb  oxvgen,  and  liberate  carbonic  acid.  Like  animals 
also,  they  are  unable  to  build  up  starch  from  water  and 
carbonic  acid,  and  if  proteid  be  supplied  them,  they  are 
able  to  absorb  and  digest  it.  But  if  starch  or  sugar  be 
supplied  them  they  are  able  to  build  up  proteid  from  a 
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nitrogenous  salt  like  ammonium  tartrate,  a piece  of 
chemical  elaboration  beyond  the  power  of  any  animal. 

Lastly,  the  cells  of  all  the  higher  plants  have  rigid  cell- 
walls  composed  of  cellulose  or  of  some  simple  modifica- 
tion of  cellulose.  The  cells  of  all  the  higher  animals  are, 
in  the  vast  majority  of  cases,  surrounded  only  by  thin, 
elastic  and  delicate  cell-walls,  and  these  are  never  com- 
posed of  cellulose  nor  of  any  modification  of  cellulose. 

We  shall  find  it  is  easy  to  distinguish  between  the 
simple  animals  and  plants  we  have  been  describing. 
Protococcus,  Spirogyra,  the  yeast  plant,  and  bacteria  are 
plants  : they  have  cell-walls  of  cellulose,  which  are  rigid 
and  comparatively  inelastic  ; none  of  them  have  any- 
thing that  can  be  compared  to  a mouth  or  stomach. 
Their  food  is  absorbed  as  gases,  and  as  solids  dissolved 
in  water.  The  two  green  plants  build  up  their  own 
starch  from  carbonic  acid  and  water,  and  with  the 
addition  of  nitrates  can  form  for  themselves  the  proteids 
of  their  protoplasm.  The  yeast  plant  and  most  of  the 
bacteria  cannot  manufacture  starch.  When  proteid 
matter  is  supplied  them  they  will  digest  it  and  flourish  ; 
but  they  will  also  live  and  grow  in  a solution  like 
Pasteur’s  fluid,  which  contains  no  proteid  but  nitrogen 
in  the  form  of  ammonium  tartrate. 

Amoeba  and  Vorticella  are  animals  : Amoeba  has  no 
cell-wall  in  the  normal  condition  : Vorticella  has  a thin 
cell-wall  : but  that,  like  the  cyst  of  Amoeba,  is  composed 
not  ot  cellulose,  but  of  chitin,  a nitrogenous  substance. 

Neither  i\moeba  nor  Vorticella  can  manufacture  starch 
nor  build  up  proteid  from  simple  salts,  nor  can  they  live 
in  Pasteur’s  fluid.  As  food,  they  require  actual  proteid 
matter,  preferably  in  the  form  of  the  living  bodies  0‘ 
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Other  organisms.  These  they  take  in  as  solid  substances 
through  a temporary  or  permanent  aperture  in  the 
protoplasm,  and  digest  in  a food  yacuole  which  forms 
round  the  food  particles  in  the  protoplasm.  Another 
distinction  is  obvious  in  their  cases.  They  get  rid  of 
nitrogenous  waste  by  a special  structure,  the  contractile 
vacuole.  The  plants  have  not  this  structure,  and,  in  the 
case  of  these  simple  forms,  it  is  not  known  how  they  get 
rid  of  their  nitrogenous  waste. 

Although  clear  in  the  cases  before  us,  the  distinctions 
between  plants  and  animals  are  not  applicable  in  all  cases 
of  unicellular  organisms.  Some,  for  instance,  have  a 
cellulose  cell-wall  and  chlorophyll,  and  so  can  live  like 
green  plants.  But  they  also  have  a contractile  vacuole 
and  a mouth  and  pharynx,  and,  like  Amceba,  can  ingest 
animal  food.  Others  have  no  cell-wall,  and  have  pseudo- 
podia-like processes,  and  ingest  solid  food.  But  when 
they  encyst,  the  wall  of  the  cyst  is  cellulose,  and  the 
spores  within  the  cyst  have  also  cellulose  walls. 

No  complete  separation  exists  between  the  two  king- 
doms. It  is  most  probable  that  animals  and  plants  have 
a common  origin  and  that  some  of  the  lorver  existing 
forms  of  life  retain  characters  that  afterwards  became  the 
marks  of  separate  kingdoms. 
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CHAPTER  XI 


CELL-STRUCTURE  AND  CELL-DIVISION 
E have  found  that  the  simplest  organisms, 


whether  they  belong  to  the  animal  kingdom  or 
to  the  plant  kingdom,  consist  of  single  cells.  The  bodies 
of  all  higher  animals  and  plants  are  made  up  of  many 
cells  which  are  the  result  of  cell-growth  and  cell  division. 
In  a sense,  then,  cells  are  the  units,  the  living  bricks  out 
of  which  the  animal  and  plant  body  are  built  up.  We 
have  seen,  however,  that,  as  in  Amoeba  and  Vorticella 
and  Protococcus,  very  many  different  structures,  which 
one  may  call  organs,  are  present  within  the  cell,  and  that 
different  cells  assume  very  different  shapes  and  appear- 
ances and  have  very  different  properties.  In  the  body  of 
the  plant  we  saw  how  the  different  tissues  were  made  up 
of  cells  specialised  for  different  purposes.  So  also  in  the 
anmial  body  each  tissue  and  organ  has  cells  of  special 
structure  and  with  special  functions.  In  Fig.  31  there 
are  represented  three  of  the  many  types  of  animal  cells 
taken  from  a frog.  At  a is  an  epithelial  cell  taken  from 
the  roof  of  the  mouth.  The  surface  of  the  cell  that  is 
exposed  to  the  cavity  of  the  mouth  is  covered  by  cilia, 
which  serve  to  sweep  currents  of  water  and  mucus 
along  the  mouth  from  the  throat.  At  is  a cell  from 
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the  wall  of  the  intestine  drawn  during  a period  of 
activity  ; the  end  turned  towards  the  cavity  of  the  gut 
has  pseudopodia  by  which  food  particles  are  ingested  from 
the  intestine  ; some  of  these  appear  within  the  proto- 
plasm. At  c is  an  unstriated  muscle  cell  from  the  bladder. 

Now  these  cells  are  typi- 
cal of  the  kind  of  cell-spe- 
cialisation which  occurs. 
Each  of  them  is  modified 
and  adapted  to  serve  the 
animal,  the  cell-community 
of  which  it  forms  a part, 
in  some  particular  direc- 
tion. But  in  addition  each 
performs  all  the  functions 
of  protoplasm  on  its  own 
account.  Each,  takes  in 
oxygen  and  discharges  car- 
bonic acid,  takes  in  food 
materials  and  discharges 
nitrogenous  waste  ; each 
grows  when  there  is  a 
balance  of  income  from 
food  over  expenditure,  and 
at  least  in  the  earlier  period 
of  its  life,  though  seldom 
after  it  is  specialised,  each  is  capable  of  reproduction  by 
simple  division. 

Overlooking  the  peculiarities  of  the  different  kinds  of 
cells,  it  is  necessary  that  a clear  idea  of  the  structure 
of  every  cell  should  be  attained  (Fig.  31.  <■/).  The  pro- 
toplasm of  the  cell  consists  of  two  distinguishable  parts. 


Fig.  31. — a.  Two  ciliated  cells 
from  roof  of  mouth  of  frog.  b.  Cell 
from  wall  of  frog’s  intestine  with 
food  vacuoles  and  pseudopodia, 
c.  Unstriped  muscle  cell  from 
bladder  of  frog.  d.  Diagram  of 
cell. — 1.  Wall.  2.  Centrosome. 
3.  Chromatin  fdrres  of  nucleus.  4. 
Nuclear  wall.  6.  Brotoplasm  of 
cell-body.  6.  Cell-wall. 
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There  is  what  appears  under  the  higher  powers  of 
the  microscope  a network  or  mesh-work  extending  all 
through  the  body  of  the  cell.  This  is  so  exceedingly 
fine  that  the  meshes  convey  the  appearance  of  granules 
or  fibres  of  more  solid  material  {sec  Figs.  3 and  4),  but 
there  is  reason  to  believe  that  it  consists  not  of  a net- 
work of  more  solid  material,  but  of  quite  fluid  material, 
forming  the  walls  of  the  bubbles  of  a very  delicate  foam. 
Occupying  the  bubbles,  or,  as  it  is  more  generally  de- 
scribed, bathing  the  meshes  of  the  net-w’ork,  is  a fluid 
juice  containing  probably  the  dissolved  nutritive  materials 
and  the  waste  products  of  the  protoplasmic  activity.  The 
cell-wall,  when  present,  consists  in  the  first  place  of  more 
regularly  arranged  bubbles  of  the  foam  or  meshes  of  the 
net-work,  but  this  usually  is  strengthened  by  deposits  of 
a secretion  formed  by  the  protoplasm  of  the  cell.  Within 
the  cell  lies  the  nucleus,  composed  of  a net-work  and  a 
fluid  bathing  the  net-work,  similar  in  appearance  and 
probably  actually  continuous  with  the  net-work  of  the 
cell.  The  nucleus  is  surrounded  usually  by  a delicate 
membrane,  which,  like  the  cell-wall  in  its  simplest  form, 
is  merely  a specialised  part  of  the  net-work.  All  these 
parts  of  the  cell  absorb  stains  or  dyes  rather  feebly,  and, 
when  a stained  cell  is  placed  in  a solution  containing  a 
solvent  of  the  stain,  the  greater  part  of  the  colouring  is 
removed.  But,  as  we  have  seen  already,  there  is  within 
the  nucleus  another  substance,  a substance  which  absorbs 
staining  materials  with  greater  avidity,  and  which  com- 
bines with  the  stains  so  firmly  that  when  placed  in  a sol- 
vent very  little  is  given  up.  This  part  of  the  nucleus,  on 
account  of  this  property,  is  named  chromatin,  and  most 
are  agreed  that  the  chromatin  is  the  part  of  the  nucleus 
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which  is  the  bearer  of  its  special  properties.  In  most 
stained  nuclei  these  chromatic  elements  appear  as  little 
separate  granules  or  pieces  very  much  larger  than  the 
granules  of  the  cell-protoplasm.  But  occasionally  it 
happens  that  the  nuclear  matter  becomes  broken  up  into 
a large  number  of  very  small  parts  which  are  no  longer 
easily  seen,  and  which,  instead  of  remaining  in  a special 
nuclear  region,  become  scattered  through  the  whole  of 
the  cell.  On  the  other  hand,  in  many  cells  and  in  the 
great  majority  of  cells  before  cell-division  takes  place, 
the  nuclear  matter  appears  to  increase  in  bulk  and  may 
be  seen  to  consist  of  a number  of  curved  rods  or  loops 
named  chromosomes.  These  chromosomes  vary  in 
number  from  two  to  thirty  or  forty,  but  as  far  as  obser- 
vance goes  there  is  a fixed  number  for  each  kind  of  cell. 

In  addition  to  the  chromosomes,  there  is  present  in 
the  nucleus  of  many  cells  a large  spot,  that  in  the  case  of 
egg-cells  has  been  called  the  germinal  spot.  It  is  com- 
posed of  clearer  material,  and  though  its  function  has  not 
been  made  out  with  certainty,  it  has  been  seen  to  con- 
tract and  expand  slowly,  each  set  of  movements  occupy- 
ing several  hours.  It  is  therefore  supposed  by  some  to 
be  a special  pulsating  vacuole  for  the  nucleus,  an  excre- 
tory organ  usually  inactive,  but  coming  into  use  when 
the  cell  is  going  through  active  changes  like  the  changes 
of  division. 

Lastly,  there  has  been  shown  to  be  present  in  some  cells 
during  their  inactive  condition,  and  in  very  many  cells 
while  they  are  undergoing  a complicated  process  of  divi- 
sion, a very  small  body  composed  of  a material  that  stains 
only  when  special  methods  are  applied  to  it.  This  is 
termed  the  centrosome  (Fig.  31.  d 2)  because  in  the  pro- 
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cess  of  division  it  is  the  central  body  of  a small  circular 
area  named  the  directive  sphere,  formed  by  the  proto- 
plasmic granules  arranging  themselves  like  radiating 
beams  round  the  centrosome.  It  has  been  suggested  that 
this  is  present  in  every  cell,  but  that,  owing  to  its  minute 
size  and  the  difficulty  of  staining,  it  can  seldom  be  seen 
until,  in  the  process  of  division,  the  rays  of  granules 
arrange  themselves  round  it. 

It  is  by  the  multiplication  of  cells  that  the  development 
of  an  animal  from  the  egg  and  its  subsequent  growth  take 
place.  C e 1 1 - m u 1 1 i p 1 i c a t i o n is  always  the 
result  of  c e 1 1 - d i V i s i o n . There  is  no  case 
known  in  which  an  animal  or  a plant  cell 
c o in  es  into  existence  except  as  the  pro- 
duct of  an  already  existing  cell.  This  divi- 
sion takes  place  in  two  ways.  In  the  simpler  case,  the 
nucleus  may  become  constricted,  and  by  fission  divide  in 
two  portions,  around  each  of  which  half  the  protoplasm 
of  the  cell  becomes  arranged  (Fig.  27.  c).  Not  long  ago 
this  was  thought  to  be  the  usual  method  of  division,  at 
least  in  the  tissues  of  animals.  But  recent  observation 
shows  that  it  is  comparatively  rare,  and  occurs  in  a few 
special  cases  of  rapid  division  and  in  some  abnormal 
growths  where  the  tissues  are  diseased.  The  prevailing 
method  is  much  more  elaborate.  The  nucleus  goes 
through  a remarkable  and  regular  series  of  changes,  the 
result  of  which  is  that  an  exceedingly  minute  sub-division 
of  tbe  chromatin  occurs,  and  that  each  daughter  cell 
gets,  so  to  speak,  a fairer  half  of  it,  than  in  the  rough- 
and-ready  method  of  simple  transverse. division.  This 
method  of  division  is  termed  mitosis,  or  karyokinesis,  and 
in  general  outline  the  process  is  similar  in  the  cell-divi- 
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sions  of  animals  and  plants,  whether  in  tissue  cells  or  in 
embryonic  cells. 

Although  in  the  last  few  years  a very  large  number  of 
investigators  have  been  observing  and  describing  cases  of 
karyokinesis,  there  is  still  variance  among  them  as  to  the 
exact  order  of  the  events,  and  especially  in  their  views 
of  the  relations  these  events  bear  to  each  other.  The 
outline  of  the  process  is  this.  The  centrosome  divides 
in  two  ; round  each  half  radiating  granules  appear  and 
form  two  sun-shaped  directive  spheres,  which  move 
to  opposite  poles  of  the  cell.  The  nuclear  chromatin 
separates  into  a definite  number  of  chromosomes,  and  the 
nuclear  membrane  disappears.  In  the  protoplasm  between 
the  two  directive  spheres,  a spindle-shaped  arrangement  of 
colourless  fibres  separate  from  each  other  at  the  equator 
of  the  cell  and  converging  to  each  centrosome,  appears. 
The  curved  chromosomes  become  arranged  in  a ring  in 
the  middle  of  the  spindle,  each  chromosome,  so  to  speak, 
threaded  upon  a filament  of  the  spindle  by  its  central 
part,  while  its  two  free  ends  are  bent  outwards  sharply. 
Then  each  chromosome  splits  in  two  along  its  length,  and 
the  halves  move  along  the  threads  of  the  spindle,  in 
opposite  directions,  to  the  centrosomes  at  the  poles. 
When  this  separation  of  the  chromosomes  has  occurred 
the  protoplasm  of  the  whole  cell  begins  to  divide.  Some- 
times this  occurs,  as  in  simple  cell-division,  by  a con- 
striction of  the  cell-wall  round  the  equator  until  the  cell 
is  gradually  pinched  in  two,  each  portion  containing  a 
centrosome  and  the  halves  of  the  chromosomes  which 
have  moved  up  the  spindle.  More  often  perhajis,  and 
certainly  more  often  in  plants,  the  division  of  the  cell- 
body  occurs  through  the  formation  of  a cell-plate.  This 
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is  a plate  of  granular  protoplasm  which  appears  in  the 
equator  of  the  cell  and  runs  through  the  centre  of  the 
spindle  after  the  chromosome  halves  have  begun  to  move 
towards  the  new  poles.  The  splitting  between  the  cells 
occurs  by  a splitting  of  this  plate,  or,  as  in  the  case  of 
many  plant  tissues,  the  cell-plate  may  remain  as  the 
common  cell-wall  separating  the  two  newly  formed  cells. 
While  the  splitting  of  the  cell-body  is  going  on  in  one  of 
these  ways,  the  chromosome  halves  at  either  pole  approach 
more  closely  together,  and,  losing  their  definite  outlines, 
become  e.xactly  like  the  nuclear  matter  of  the  cell  before 
it  began  to  divide.  At  the  same  time  the  colourless 
spindle  fibres  disappear  and  a wall  forms  round  each  of 
the  two  new  nuclei.  Last  of  all,  the  rays  of  granules 
round  the  centrosome  of  each  daughter  cell  become  faint 
and  disappear.  In  some  cases  the  centrosome  itself  re- 
mains visible,  but  while  several  observers  maintain  that 
it  too  disappears  and  is  re-formed  again  from  the  nucleus 
when  the  new  cell  is  ready  itself  to  divide,  others  insist 
that  it  remains  in  the  cell  to  start  the  new  division. 

It  is  to  be  noticed  that  the  precise  order  in  which  these 
complicated  events  happen  is  not  yet  known  with  cer- 
tainty, nor,  indeed,  whether  the  order  is  always  the  same. 
At  one  time  it  was  thought  that  cell-division  began  with 
the  division  of  the  protoplasm,  and  that  the  nucleus 
merely  followed  the  division  of  the  whole.  A later  and 
more  generally  receiv^ed  view  was  that  the  nucleus  started 
the  process,  and  that  the  comparatively  inert  proto- 
plasm merely  followed  the  division  of  the  nucleus.  Since 
the  division  of  the  centrosome  has  been  noticed,  many 
observations  suggest  that  this  maybe  the  organ  of  the  cell 
which  starts  and  directs  division.  But  at  present  we 


Fig.  32.— Diagram  of  development  hy  Karyokiuesis.  For  1 
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must  rest  content  with  knowledge  of  the  general  out- 
lines of  karyokinesis  and  await  further  investigation 
before  deciding  definitely  upon  any  explanatory  theory 
of  what  happens. 

In  Fig.  32  are  represented  the  appearances  of  the 
nucleus  at  the  various  stages  of  karyokinesis.  In  I.  the 
nucleus  of  the  cell  in  its  resting  condition  is  shown.  The 
chromatin  is  not  separated  into  chromosomes,  but  appears 
as  a coiled  band,  coloured  black  in  the  drawing.  The 
band  of  chromatin  then  acquires  a sharper  contour  due 
to  the  absorption  of  material  from  the  plasm  of  the 
nucleus.  In  II.  it  has  divided  into  a definite  number  of 
chromosomes,  eight  in  this  case.  In  III.  each  of  the 
chromosomes  has  split  longitudinally,  so  that  now  there 
are  sixteen,  arranged  in  pairs.  At  this  period  the  nuclear 
membrane  disappears,  and  the  centrosome,  although  it 
may  have  been  present  before,  comes  into  evidence.  In 
IV.  it  is  to  be  noticed  first,  that  the  nuclear  membrane  is 
broken  ; next  that  the  pairs  of  chromosomes  have  taken 
up  a regularly  arranged  position  round  the  nucleus,  with 
the  free  ends  projecting  outwards  and  the  sharply  bent 
central  portions  turned  towards  the  centre  of  the  cell. 
The  centrosome  (c)  has  divided  in  two  (c.c)  and,  round  each, 
radiating  lines  of  granules  appear,  while  between  them  a set 
of  delicate  straight  threads  are  visible.  The  two  centro- 
somes  separate,  and  move  to  opposite  poles  of  the  cell 
while  the  threads  between  them  elongate  to  form  a regular 
spindle  of  colourless  fibres.  In  the  first  set  of  figures 
we  have  been  looking  down  on  the  nucleus  from  one  of 
the  poles  to  which  a centrosome  afterwards  goes.  In  the 
other  figures,  we  are  looking  from  the  side  so  that  both 
poles  are  visible,  and  for  the  sake  of  simplicity  the  nucleus 
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is  represented  as  not  transparent  and  as  showing  therefore 
only  four  pairs  of  chromosomes.  In  V.  the  centrosomes 
with  their  radiating  lines  of  granules  may  now  be  called 
directive  spheres  ; they  have  moved  to  the  two  poles,  and 
between  them  the  spindle  stretches.  Projecting  out 
from  its  equator  are  the  four  visible  pairs  of  chromo- 
somes ; the  other  four  would  lie  similarly  disposed  on  the 
other  side  of  the  figure.  In  VI.  a chromosome  of  each 
pair  is  moving,  as  if  it  were  being  pulled  up  by  the  point, 
towards  the  centrosome  at  the  pole.  In  VII.  this  has 
gone  on  so  far  that  the  individuals  of  each  pair  of  chromo- 
somes are  quite  separate.  At  this  stage  the  division  of 
the  cell  body,  which  is  not  represented  in  the  drawings, 
begins,  and  the  other  structures  begin  to  dwindle.  In 
VIII.  the  chromosomes  have  reached  the  poles  ; immedi- 
ately afterwards  the  centrosomes  and  the  spindle  begin  to 
disappear.  In  IX.  these  have  gone,  the  chromosomes  at 
each  end  are  assuming  the  resting  position,  the  nuclear 
wall  is  re-formed  and  is  growing  in  between  the  two 
nuclei. 

In  most  cases  karyokinesis  takes  place  in  some  such 
way  as  has  just  been  described.  Sometimes,  however,  the 
chromosomes  do  not  divide  in  two,  but  one-half  of  the 
number  moves  to  each  pole.  This  may  be  called  a 
reducing  division,  tor  if  the  original  cell  contained  eight 
chromosomes,  each  daughter  cell  would  contain  only 
four  ; whereas  in  the  ordinary  method  as  each  chromo- 
some divides  in  two,  there  are  the  same  number  in  each 
dauohter  cell  as  there  were  in  the  cell  before  division. 

o 

One  further  point  must  be  noticed.  There  are  two 
classes  of  cell-division  which  must  be  distinguished  by 
their  results.  When  a tissue-cell  divides,  the  results  of 


CELL-STRUCTURK  AND  CELL- DIVISION 


I I I 


the  division  are  similar  in  appearance  and  function,  each 
daughter  cell  being  a tissue-cell  exactly  like  the  original 
parent  cell.  Rut  in  the  development  of  an  animal  from 
the  egg  to  the  adult,  as  the  tissues  arise  and  separate  off 
from  each  other,  cell-divisions  must  occur  in  which  the 
daughter  cells  do  not  become  alike.  However,  so  far  as 
observation  goes,  there  are  not  two  methods  of  karyoki- 
nesis  to  account  for  this.  If  we  judge  merely  by  the 
nature  of  the  process  of  cell-division  that  occurs  while 
the  animal  body  is  being  built  up,  every  cell,  how- 
ever different  its  structure  and  function 
come  to  be,  receives  ^vhat  is  to  all  appear- 
ance an  equal  and  similar  share  of 
nuclear  matter. 
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HE  whole  animal  kingdom  is  divided  into  two  great 


groups.  The  first  of  tliese  is  called  the  Protozoa. 
To  it  belong  Ajua’ba  and  Vorticclla  and  all  animals  the 
bodies  of  which  consist  of  a single  cell.  Occasionally 
among  Protozoa,  when  reproduction  takes  place  the 
new  individuals  do  not  separate  from  each  other,  but 
build  up  a colonial  form.  Such  colonies  of  Protozoa  may 
consist  of  a definite  number  of  individuals  : the  whole 
colony  may  have  a definite  shape  and  in  some  few  cases 
even  all  the  individuals  may  not  be  exactly  alike.  But  it 
never  happens  that  the  individual  cells  of  a colony  are 
arranged  and  specialised  so  as  to  form  tissues  and  organs. 
All  animals  with  bodies  composed  of  cells  arranged  in 
definite  layers  and  tissues  which  serve  a special  purpose 
in  the  economy  of  the  whole  animal,  belong  to  the  second 
and  higher  division  of  the  animal  kingdom  and  are  called 
Metazoa.  After  the  examination  of  one  metazoon  we  shall 
extend  and  make  more  definite  our  idea  of  the  nature  of 
this  group  and  of  its  points  of  contrast  with  the  Protozoa. 

The  first  metazoon  that  we  shall  examine  is  a small 
fresh -water  animal  called  Hydra.  Three  species  of  it  are 
not  uncommon  in  the  ponds  and  ditches  of  this  country. 
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'Hie  largest  specimens  are,  when  fully  extended,  about 
three-quarters  of  an  inch  long  ; the  smallest  are  easily 
visible  to  the  naked  eye.  Flydra  vin'dis,  the  green 
hydra,  owes  its  colour  to  the  presence  of  a large  number 
of  chlorophyll  bodies  in  the  inner  layer  of  its  body-wall. 
Hydra  fnsca  is  brown  or  yellow  and  Hydra  vulgaris  is 
nearly  colourless.  Apart  from  these  colour  differences 
the  species  are  very  si- 
milar, and  any  one  will 
serve  equally  for  ex- 
amination. The  speci- 
mens should  be  examined 
in  the  living  condition, 
in  a watch-glass  contain- 
ing water  placed  under 
the  low  power  of  a 
microscope.  They  con- 
sist of  a cylindrical  body 
attached  to  a piece  of 
weed  or  to  the  side  of 
the  glass  at  one  end.  At 
the  other  end  there  is  a 
circle  of  from  six  to  ten 
long  slender  thread-like 

processes  (Fig.  33).  These  are  the  tentacles,  and  they 
surround  a small  rounded  elevation  called  the  hypostome, 
at  the  free  end  of  the  cylindrical  body,  with  a circular 
opening,  the  mouth  at  its  summit.  The  whole  body  is 
exceedingly  contractile.  A slight  touch  with  a needle 
will  make  a fully  extended  specimen  contract  almost  at 
once  to  a little  lump  with  the  tentacles  as  thick  knobs. 
By  careful  manipulation  with  needles  or  with  a camel’s 
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Fig.  33. — Hydra  vnlgaiis  in  ex- 
panded condition  ; to  the  left  is  a 
young  Hydra  which  has  budded  out 
from  the  larger  specimen ; to  the 
right  is  a young  bud. 
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hair  brush,  a specimen  may  be  detached  from  its  support. 
When  it  has  recovered  from  the  shock,  it  may  be  seen 
creeping  along  the  bottom  of  the  glass  suj)ported  by  its 
tentacles  and  carrying  uppermost  the  pedal  disc  by  which 
it  was  attached.  Or  it  may  creep  by  a series  of  loop- 
ing movements,  fixing  itself  by  the  pedal  disc  and  stretch- 
ing out  the  body  so  that  the  tentacles  may  attach 
themselves  to  a point  some  distance  off,  when  the  pedal 
disc  loosens  its  hold  and  by  contraction  of  the  body  is 
pulled  to  a fresh  place  for  attachment,  nearer  the 
tentacles.  Such  movements  are,  howev^er,  of  infrequent 
occurrence  if  the  Hydra  be  undisturbed. 

The  water  in  which  H}'dra  is  found  contains  a number 
of  small  water  fleas,  and  if  some  of  these  be  placed 
in  the  watch-glass  with  it,  before  long  one  of  them  is 
certain  to  swim  up  against  a tentacle.  When  this  happens 
the  motions  of  the  flea  are  suddenly  arrested  : it  has  been 
not  only  caught  but  paralysed  b}’  some  poison,  and  the 
Hydra,  by  bending  the  tentacle,  draws  it  in  towards  the 
mouth  and,  sometimes  with  the  aid  of  other  tentacles, 
pushes  it  through  the  mouth  into  the  central  cavity.  If 
Hydra  be  watched  for  some  time,  it  may  be  seen  to  dis- 
charge from  the  mouth  parts  of  the  shell  and  other  debris, 
the  indigestible  remains  of  similar  fleas  it  has  captured 
before,  d'hus  the  mouth  serves  also  as  an  anus. 

To  study  Hydra  more  fully,  a single  specimen  should 
be  removed  to  a slide  in  a small  drop  of  water  and  covered 
with  a glass-slip.  Care  should  be  taken  not  to  let  the 
slip  drop  too  suddenly  upon  the  animal  as  its  delicate 
structure  is  easily  broken  up  and  destroyed.  If  the 
Hydra  is  not  sufficiently  compressed,  some  of  the  water 
may  be  removed  by  a piece  of  blotting  paper  applied 
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between  the  edge  of  the  cover-slip  and  the  glass.  When 
this  has  been  done,  observation  with  a higher  power  is 
possible.  If  the  specimen  be  a green  or  a brown  Hydra, 
it  will  be  at  once  apparent  that  the  body  and  the  tentacles 
are  composed  of  two  layers.  The  outer  layer  is  thinner 
and  is  quite  colourless  and  transparent  : the  inner  layer 
is  deeply  coloured  by  small  granules,  which  in  the  case 
of  the  green  Hydra  are  chlorophyll-containing  bodies,  and 
in  tbe  brown  Hydra  are  granules  coloured  by  a substance 
closely  allied  to  chlorophyll.  The  central  region  of  the 
body  is  a cylindrical  cavity,  and  into  this  cavity,  which  is 
called  the  enteron,  the  mouth  opens.  In  a living  speci- 
men the  enteron  appears  as  a darker  region  in  which 
occasionally  the  bodies  of  captured  water  fleas  may  be 
seen.  Each  tentacle  is  hollow,  but,  in  the  living  con- 
dition, it  is  almost  impossible  to  see  either  the  hollow  or 
its  opening  to  the  enteron.  In  this  condition  it  is  easy  to 
see  that  the  outer  surface  of  the  tentacles  is  studded  unth 
little  knobs.  Here  and  there  upon  the  knobs  delicate 
projecting  bristles  may  be  seen,  and  if  the  Hydra  has  been 
irritated,  exceedingly  long  pointed  threads  may  be  seen 
protruding.  These  threads  are  the  poisoned  lassoes  by 
which  Hydra  catches  and  paralyses  its  prey.  They  are 
too  delicate  to  pierce  the  human  skin  : but  in  some 
tropical  sea-anemones  and  in  jelly-fish  of  our  own  coasts 
such  nettle-cells  or  nematocysts  are  present,  and  are 
strong  enough  to  cause  considerable  pain,  and  sometimes 
poisonous  enough  to  produce  disagreeable  effects  if  the 
naked  skin  of  man  come  in  contact  with  them.  In  Hydra 
the  nettle  cells  are  most  numerous  on  the  tentacles,  but 
they  occur  also  on  the  whole  outer  surface  of  the  body. 
By  focussing  carefully  they  may  be  seen  as  small  oval 
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bodies,  rather  more  pointed  at  the  outer  end  and  of  a 
greenish  yellow  colour.  Some  of  them  lie  close  to  the 
surface,  and  in  these  a small  bristle,  the  trigger-hair,  or 
cnidocil,  protrudes  beyond  the  surface  of  the  animal. 
When  this  is  touched  by  an  external  object,  the  lasso  is 
shot  out  with  great  force.  Before  it  has  been  discharged 
it  lies  coiled  up  within  the  nematocyst,  and  with  an 
ordinary  student’s  microscope  at  least  the  beginning  of 
the  coil  may  be  seen.  Fig.  34  represent  very  greatly 

magnified  views  of  nematocysts 
isolated  by  pressure  upon  the 
cover-slip  from  the  general 
surface  of  the  body.  An  un- 
discharged cell  consists  of  a 
large  rounded  cell  with  pro- 
toplasm, a nucleus,  and  the 
protruding  trigger-hair.  Em- 
bedded in  the  protoplasm  is 
the  lasso.  It  consists  of  an 
elongated  tough  sac,  one  end 
of  which  is  tucked  into  the 
larger  end,  like  the  finger  of  a 
glove  turned  outside  in.  The 
point  of  this  infolded  part  is  continued  into  a long, 
very  delicate  thread,  which  also  is  hollow.  I'he  whole 
space  between  the  wall  of  the  sac  and  the  inturned 
part  and  the  thread  is  occupied  b}’  a fluid  under  con- 
siderable pressure.  When  any  additional  pressure  from 
the  outside  is  brought  to  hear  on  the  sac  the  apparatus 
suddenly  goes  off ; the  inturned  part  of  the  sac  is  first 
turned,  or  forced  out,  aud  then  the  long  thread  follows 
it,  both  being  turned  inside  out  in  the  process.  The 


Fig.  34. — To  the  left  is  an 
enlarged  diagrammatic  view  of 
an  undischarged  Nematocyst 
embedded  in  a nucleated  cell. 
To  the  right  is  a dischargeil 
nematocyst. 
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second  drawing  shows  a nematocyst  shot  out  in  this 
way.  It  has  barbs  at  the  root  of  the  thread,  an  addition 
that  is  not  present  in  all  the  neinatocysts  of  hydra.  A 
thread-cell  once  discharged  cannot  be  used  again.  There 
are,  therefore,  a considerable  crop  of  them  always  growing, 
and  smaller  partly-formed  thread-cells  may  be  seen  in 
the  inner  part  of  the  outer  layer  of  the  body.  Processes 
from  the  nerve-cells  have  been  traced  into  the  protoplasm 
surrounding  the  lasso.  The  discharge  of  the  lasso  is 
caused  by  contraction  of  this  protoplasm  under  the  in- 
fluence of  a nervous  excitation. 

Among  the  specimens  of  Hydra  collected  at  any  time, 
some  are  likely  to  exhibit  the  results  of  multiplication 
by  budding.  In  summer,  while  food  is  abundant  and 
the  weather  warm,  tiny  hollow  buds  grow  out  from  any 
region  of  the  wall.  The  hollow  of  the  buds  is  continuous 
with  the  enteron  at  first,  although  when  the  bud  has 
grown  longer  this  connection  ceases.  At  the  other  end 
of  the  bud  a mouth-opening  appears  and  the  circle  of 
tentacles  grows  out  (Fig.  33).  Sometimes  on  the  same 
hydra  several  buds  may  be  seen,  and  even  on  these  buds 
other  buds  may  grow  out,  so  that  the  whole  forms  a 
branching,  compound  animal  made  up  of  many  individuals. 
Each  of  these,  however,  is  practically  a separate  animal, 
and  may  break  off  or  be  removed  artificially  and  live  an 
independent  life. 

If  the  specimens  be  collected  from  ponds  towards  the 
end  of  summer,  or  if  they  be  kept  in  captivity  and  starved 
tor  a few  days,  sexual  reproduction  occurs.  In  some  in- 
dividuals, on  the  body-wall  near  the  base  of  the  tentacles 
one  or  two  small  lumps  appear.  These  are  the  testes, 
or  male  reproductive  organs,  and  from  them  the  sperma- 
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tozoa,  or  male  sexual  cells,  are  shed  into  the  water.  The 
same  specimen  of  Hydra  may  produce  the  female  sexual 
organ,  but  this  hardly  ever  is  to  be  seen  on  a Hydra  at 
the  same  time  as  it  produces  the  testes.  As  we  know 
from  observation  of  higher  animals,  one  of  the  advantages 
of  sexual  reproduction  is  that  the  progeny  are  more  hardy 
when  the  parents  are  not  closely  related.  In  Hydra  and 
in  other  animals  in  which  the  same  individual  produces 
both  male  and  female  organs,  the  benefits  of  crossing 
would  probably  be  missed  if  the  female  cell  was  ripe  at 
the  same  time  as  male  cells  were  being  discharged  near 
it  from  the  same  animal,  and  in  correspondence  with  this 
it  is  seldom  the  case  that  one  individual  has  the  organs 
of  both  sexes  at  the  same  time. 

The  female  organ  or  ovary  of  Hydra  is  always  single, 
and  is  produced  from  the  body-wall  much  lower  down 
than  the  testes  (Fig.  36).  As  a rule  it  contains  only  one 
egg,  and  is  a large  and  conspicuous  organ.  The  o\-ary 
at  first  consists  of  a mass  of  tiny  cells.  But  one  of  these 
sends  out  pseudopodia  among  the  rest,  and  gradually  eats 
them  up  until  it  becomes  very  large.  In  this  condition 
it  appears  like  a huge  amoeba  (Fig.  35),  and  contains 
embedded  in  the  protoplasm  a number  of  small  yolk 
granules,  which  are  reserve  stores  of  proteid  matter 
formed  by  its  protoplasm.  AVhen  fully  grown  the 
pseudopodia  are  withdrawn,  and  the  egg-cell  is  spheri- 
cal. As  it  has  been  eating  up  the  small  cells  which  lay 
around  it,  a part  of  its  surface  is  bare  and  protrudes  beyond 
the  surface  of  the  hydra.  'The  male  cells,  or  spermatozoa, 
which  were  discharged  into  the  water,  each  consist  of  a 
nucleus  and  a small  body  of  protoplasm,  the  most  of 
which  projects  behind  the  nucleus  as  a long  tail. 
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By  the  vibrations  of  these  tails  the  spermatozoa  are 
driven  through  the  water.  If  one  of  them  reaches  the 
exposed  surface  of  the  egg  on  a Hydra  it  conjugates  with 
that.  The  tail  drops  off,  while  the  head,  or  nucleus,  and 
a small  fragment  of  protoplasm  enters  the  egg-cell.  The 
incoming  spermatozoon-nucleus  then  fuses  with  the 
nucleus  of  the  egg-cell  and  impregnation  is  complete. 
Soon  afterwards  the  impregnated 
egg-cell  begins  to  divide.  From  the 
resulting  cells  a cap  or  wall  of  cells, 
each  with  thick  cell-walls,  is  formed. 

The  egg  so  protected  falls  out  of 
the  Hydra,  and  sinks  to  the  mud  at 
the  bottom  of  the  pool.  In  this 
condition  it  remains  throughout 
winter.  In  spring,  when  the  water 
is  warmer,  it  develops  into  a new 
Hydra  in  a way  that  will  occupy  our 
attention  later  on. 

Further  study  of  Hydra  is  best  35. -Ovum  of 

made  by  the  examination  of  exces-  Hydra  with  pseudofo- 

sively  thin  slices.  As  the  prepara-  siSere^'Te  lamrnl'- 
tion  of  these  is  a matter  requiring  pcaring  as  white  spots. 

great  practice,  the  elementary  stu-  spenTiatozoa. 
dent  should  content  himself  with 
the  study  of  sections  already  prepared.  Of  these  there 
should  be  examined  a longitudinal  section  (Fig.  36) 
and  a transverse  section  more  highly  magnified  and 
taken  through  the  cylindrical  body  (Fig.  37).  The 
longitudinal  section  is  a thin  slice  cut  lengthwise  out 
of  the  centre  of  the  whole  animal.  It  passes  through 
two  tentacles,  through  the  hypostoine  and  mouth,  and 
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through  the  cnteron  and  the  body-wall.  It  may  be 
seen  at  once  that  the  whole  animal  consists  of  a hollow 
sac  surrounded  by  two  layers  of  cells.  Of  these  the 
outer  layer,  or  ectoderm,  is  thinner,  and  in  its  cells 


Fig.  36. — Hydxi:  diagrammatic  longitudinal  section  passing 
through  two  tentacles,  the  mouth  and  an  ovary,  0.  E.  The 
enteron  or  primitive  digestive  cavity  continuous  with  the  tentacle 
cavities  and  opening  to  the  exterior  hy  the  mouth.  The  body-wall 
consists  of  two  layers  separated  by  the  mesoglcea,  here  shown  as  a 
white  line. 

are  contained  numerous  thread-cells.  The  inner  layer, 
or  endoderm,  is  thicker,  and  its  cells,  where  they  line  the 
enteron,  have  irregular  surfaces,  from  which  cilia  and 
pscudopodia  project  into  the  eittcric  cavity.  In  these,  in 
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Hydra  vin'dis,  are  to  be  seen  embedded  numerous  chloro- 
phyll corpuscles,  and  thus  the  endoderm  is  very  clearly 
marked  off  from  the  ectoderm.  But  in  all  Hydras  it  may 
be  seen  that  between  the  two  layers  is  a narrow  band  of 
a fibrous  nature.  This  is  composed,  not  of  cells,  but  of  a 
gelatinous  secretion,  into  which  fibres  from  the  cells  of 
both  the  ectoderm  and  the  endoderm  run.  It  is  termed 


tu;.  37. — HyJra:  part  of  a transverse  section  much  magnified. 
EC.  Lctodcrm  witli  protective  cells,  muscle  cells,  nematocysts  and  in- 
terstitial-cells. M.  Mesoglrea.  EN.  Endoderm  : each  cell  has  a large 
nucleus  and  a vacuole,  and  either  pseudoiiodia  or  flagella  projecting  into 
the  cavity  of  the  enteron.  They  also  contain  numerous  small  chlorophyll 
bodies.  The  shadccl  area  in  the  small  circle  at  II.  shows  the  part  of 
the  transverse  section  taken. 


the  mesogloea,  or  supporting  lamella,  and  is  a skeletal 
structure  of  little  importance  in  hydra. 

In  the  more  magnified  transverse  section  the  structures 
present  are  more  plainly  represented  (Fig.  37).  The 
ectoderm  consists  of  se\'cral  kinds  of  cells.  There  are  (i) 
covering  cells,  the  surface  of  which  is  e.\posed,  and  the 
more  contracted  bases  of  which  reach  the  supporting 
lamina  ; partly  in  these  and  partly  between  them  are 


OUTLINES  OF  LIOLOCxV 


I 22 

placed  the  fully  formed  thread-cells  ; in  the  angular 
spaces  between  the  contracted  bases  of  these  covering 
cells  are  placed  (2)  the  interstitial  cells,  which  are  small 
and  irregular  ; they  give  rise  to  the  cell  masses  which 
form  the  testes  and  the  ovary,  and  among  them  are 
numerous  young  thread-cells  ; (3)  large  ganglion  or 
nerv^e-cells,  which  do  not  reach  the  outer  surface  ; each 
possesses  a large  nucleus  and  numerous  branching  proto- 
plasmic processes,  but  cannot  be  seen  except  in  macerated 
preparations  ; these  arc  in  collection  with  the  thread- 
cells,  in  some  cases  with  the  muscle-cells,  presently  to  be 
described,  and  with  each  other  ; (4)  the  epithelial  muscle-  J 
cells  are  narrow  cells,  of  which  the  surface  is  exposed  on 
the  outer  side  of  the  animal : the  bases  reach  the  support- 
ing lamella,  and  are  extended  as  long  fibres  closely  applied 
to  that  lamella.  These  fibres  thus  come  to  form  a thin 
layer  immediately  exterior  to  the  supporting  lamella  ; (5) 
at  the  pedal  disc  there  are  some  large  cells  with  clear 
contents  which  form  a sticky  secretion  by  which  the 
animal  clings  to  the  surface  to  which  it  is  applied. 

The  endoderm  cells  are  very  large,  except  in  the  region 
of  the  hypostome,  where  they  form  granular  secreting 
cells.  Those  lining  the  greater  jiart  of  the  enteron 
possess  large  vacuoles  : they  may  have  two  or  three  long 
cilia  or  flagella,  or  they  may  have  active  pseudopodia. 
Within  them  are  to  be  seen  food  vacuoles,  containing 
particles  of  food  material  taken  from  the  enteron  by  the 
pseudopodia  and  the  chlorophyll  bodies. 

Even  in  sections,  the  cells  are  so  closely  packed  to- 
gether that  it  is  impossible  to  see  all  the  details  of  their 
structure.  For  this  purpose  a living  specimen  should  be 
placed  in  water  containing  a drop  of  acetic  acid  and  a 
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drop  of  osmic  acid,  and  after  a few  minutes  removed 
for  several  hours  to  a 0.2  per  cent,  solution  of  acetic  acid 
in  water.  After  this  the  specimen  should  be  stained  with 
picrocarmine  solution.  This  course  has  the  effect  of 
hardening  the  cells  and  of  rendering  them  easy  to  sepa- 
rate from  each  other.  Small  pieces  of  the  Hydra  should 
be  placed  on  a slide  in  a drop  of  50  per  cent,  glycerine 
and  teased  with  needles.  A few  sharp  taps  with  the 
point  of  a needle  on  the  top  of  the  cover-slip  Avill  assist 
the  process  of  separation,  and  it  will  be  found  that  many 
of  the  cells  are  completely  isolated  or  adhere  in  little 
groups,  so  that  with  trouble  the  different  kinds  of  cells 
may  be  picked  out. 

Let  us  now  consider  Hydra  as  a living  organism.  In 
the  first  place,  it  is  composed  of  many  cells  of  different 
kinds,  and  these  are  arranged  in  a definite  way,  so  that 
the  body  consists  of  a hollow  sac,  the  walls  of  which  are 
composed  of  two  distinct  layers.  The  cells,  however,  are 
not,  as  in  plants,  surrounded  and  separated  from  each 
other  by  cell-walls.  In  the  living  condition  it  is  only  in 
a few  cases  that  the  cell  outlines  are  visible  : but  when 
the  protoplasm  has  been  set  and  slightly  shrunk  by  the 
action  of  reagents,  the  limits  of  the  individual  cells 
become  apparent.  The  whole  animal  forms  a mass  of  pro- 
toplasm so  continuous  that,  without  the  aid  of  the  blood- 
vessels and  nerves  of  higher  animals,  every  part  is  in 
organic  connection  with  every  other  part,  and  the  cha- 
racters of  the  whole  Hydra  are  a result  of  the  combination 
of  the  cells.  In  the  case  of  a colony  of  Protozoa,  some  of 
the  cells  may  be  injured  or  influenced  without  the  influence 
being  transferred  to  the  whole  colony,  and  certainly  with- 
out the  cells  of  the  colony,  by  their  combined  action, 
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responding  to  the  stimulus.  If  a water  flea  come  in  con- 
tact with  the  tentacle  of  a Hydra,  the  muscle-cells  of  that 
tentacle  begin  to  contract,  so  that  the  prey  is  drawn  down 
towards  the  mouth.  But  other  tentacles  may  also  con- 
tract in  such  a definite  way  that  they  assist  in  the  process 
of  swallowing.  Again,  if  the  tentacles,  or  one  of  them, 
be  touched  with  a foreign  object,  as,  for  instance,  a needle, 
the  whole  Hydra  suddenly  contracts,  and  this  is  the  result 
of  the  contractions  of  the  muscle-cells  all  down  the  ten- 
tacles and  body.  When  the  animal  creeps  about,  the 
motion  is  due  to  the  concerted  action  of  many  separate 
muscle-cells  contracting  at  the  same  time  in  diflerent 
ways.  In  higher  animals  such  co-ordination  is  elTectcd, 
or  at  least  assisted,  by  definite  chains  of  nerve-cells  and 
nerve-fibres  connected  with  each  other  and  with  muscles 
and  sense-organs.  It  is  almost  certain  that  in  Hydra  the 
nervous  cells  are  not  arranged  with  sufificient  definiteness 
and  regularity  to  be  the  chief  agent.  Most  probably  they 
are  chiefly  of  local  use  and  act  in  concert  with  the 
thread-cells.  But  the  combination  of  all  the  cells  to 
form  an  individual  is  seen  clearly  in  other  functions, 
where  the  nerv^e-cells  certaiidy  do  not  come  into  special 
operation. 

All  the  cells  of  the  body  require  nutritive  material. 
But  the  functions  of  digestion  are  performed  only  by  the 
endoderm  cells  for  the  whole  organism.  When  food  is 
taken  into  the  enteron,  digestive  juices  are  poured  on  it 
from  some  of  the  endoderm  cells,  chiefly  perhaps  from 
the  granular  cells  lining  the  hypostome.  'Lhc  other 
endoderm  cells  ingest  the  food  particles  in  the  enteron, 
and  hand  on  nutritive  materials  to  the  ectoderm  cells. 
Again,  the  function  of  sexual  reproduction  is  under- 
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taken  for  the  whole  Hydra  by  the  few  cells  that  form  the 
ovary  and  the  testis  ; but,  however  independent  these 
may  appear,  their  formation  is  stimulated  by  starvation  of 
the  whole  organism.  The  extent  to  which  the  indi- 
viduality of  the  whole  organism  is  stamped  upon  the 
separate  cells  is  seen  in  budding.  The  bud  is  formed  by 
a projection  containing  endoderm,  mesogloea,  and  ecto- 
derm ; but  it  may  grow  out  from  any  part  of  the  column, 
and  yet  ultimately  will  reproduce  the  tentacles,  the  pedal 
disc,  and  the  whole  organism.  Similarly,  when  a Hydra 
is  cut  across,  from  the  cut  end  of  the  upper  half,  the 
lower  part  of  a new  Hydra  grows  out,  while  from  the  cut 
end  of  the  lower  half  the  cells  required  to  complete  the 
upper  half  grow  out. 

It  is  this  co-operation  of  all  the  cells,  this  co-ordination 
by  which  the  cells  lose  their  own  individuality  in  the  new 
individuality  of  the  whole  animal,  that  is  the  great  dis- 
tinction between  the  Protozoa  and  the  Metazoa.  In 
higher  forms  of  Metazoa,  much  of  the  interaction  of  the 
parts  of  the  whole  organism  depends  upon  the  existence 
of  organs  and  systems  common  to  the  different  parts— 
as,  for  instance,  the  nerves  and  the  blood-vessels.  But 
even  in  such  higher  animals  there  are  many  relations 
between  the  cells  and  organs  which  cannot  be  explained 
by  the  existence  of  sets  of  connecting  organs  ; and  it  is  of 
importance  to  remember  that,  beginning  with  the  simplest 
Metazoa,  the  cells  and  organs  are  living,  co-operating  parts 
of  a living  whole. 

As  we  have  seen,  the  food  is  of  the  kind  that,  in 
a previous  chapter,  we  found  to  be  characteristic  of 
animals.  When  green  algae  or  chlorophyll  bodies  are 
present  in  the  endoderm  cells,  these  no  doubt  contribute 
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to  the  food  supply  of  their  host,  as  they,  like  all  chloro- 
phyll  bodies,  cause  the  elaboration  of  starch  from  carbonic 
acid  and  water,  and  the  oxygen  liberated  in  the  process 
may  serve  the  purposes  of  the  Hydra  cells.  If  these 
bodies  are  separate  plants  living  in  Hydra,  they  are  to  be 
regarded,  not  as  parasites,  but  as  instances  of  the  associa- 
tion of  different  cells  for  the  advantage  of  each.  This 
kind  of  association  is  named  symbiosis.  In  parasitism 
the  parasites  live  at  the  expense  of  their  hosts  ; in  sym- 
biosis both  the  host  and  the  guest  derive  advantage  from 
the  association.  In  this  case  the  plant  cells  are  protected 
by  their  position  within  the  Hydra,  and  the  animal  cells 
get  both  oxygen  and  starchy  food  from  the  plants. 

Apart  from  such  a special  source  of  0X3'gen,  the  cells 
of  Hydra  obtain  their  supply  of  o.xygen  from  air  dissolved 
in  the  water.  Most  probably  each  cell  takes  in  its  own 
supply  and  in  turn  discharges  carbonic  acid.  In  the  same 
way  it  is  probable  that  each  cell  directly  discharges  its 
own  waste  products  into  the  water,  although  contractile 
vacuoles  have  not  been  observed. 

We  have  yet  to  consider  the  development  of  a new 
Hydra  from  the  fertilised  egg-cell  (Fig.  38).  While  it 
still  remains  in  the  tissues  of  the  mother,  the  egg-cell 
divides  in  two  ; then  each  of  these  again  divides,  and  after 
a number  of  divisions  a little  hollow  sphere  of  cells 
termed  the  blastula  is  formed.  The  wall  of  the  blastula 
at  first  consists  of  one  layer  of  cells,  but  by  the  division 
of  these  cells  an  outer  layer  is  produced.  These  have 
thick  walls,  and  form  a protective  coat  surrounding  the 
egg  when  it  drops  from  the  ectoderm  of  the  parent  into 
the  mud.  The  inner  layer,  which  is  the  real  embryo,  is 
not  perfectly  regular.  The  cells  at  one  end  are  larger  and 
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contain  more  yolk  particles.  When  the  further  develop- 
ment takes  place,  the  cells  with  the  larger  supply  of  food 
yolk  multiply  rapidly,  and  the  cells  so  formed  from  them 
get  pushed  into  the  hollow  of  the  blastula.  When  this 
has  taken  place  the  outer  protective  coat  ruptures,  and 
the  young  larva  is  liberated.  By  rapid  division  of  all  the 
cells  it  grows  larger,  and  the  cells  in  the  middle,  instead 
of  occupying  all  the  space,  become  arranged  round  a central 


Fig.  38. — Diagram  of  development  of  Hydra.  1.  Egg-cell  fertilised 
and  ready  to  divide.  2.  Division  into  two.  3.  Division  into  four. 

4.  Division  into  mulberry  mass  of  which  the  lower  cells  are  larger. 

5.  Section  through  hlastosphere.  6.  Formation  of  protective  case. 
7.  Section  through  later  stage  ; the  embryo  lies  within  the  case  which 
no  longer  shows  its  cellular  structure ; the  larger  cells  at  the  lower  end 
have  multiplied  rapidly  and  fill  the  interior.  8.  The  inner  cells  are 
arranged  in  a single  layer  so  that  the  embryo  is  a two-walled  hollow 
mass. 

cavity — the  enteron  : the  cells  which  migrated  inwards 
from  one  pole  form  the  endoderm,  and  the  outer  layer  is 
the  beginning  of  the  ectoderm.  The  embryo  grows 
longer.  A gelatinous  layer,  the  mesogloea,  is  deposited 
between  ectoderm  and  endoderm.  A mouth  aperture 
breaks  through  at  one  end,  and  round  this  the  tentacles 
grow  out  as  little  buds.  While  these  changes  in  shape 
take  place,  the  cells,  at  first  all  much  alike,  become 
specialised  into  the  adult  condition. 
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Let  us  now  sum  up  what  we  have  learned  with  regard 
to  the  classification  of  the  animal  kingdom. 

It  is  divdded  into  two  great  groups,  the  Protozoa  and 
the  Metazoa. 

The  group  Protozoa  consists  of  all  animals 
which  throughout  their  lives  are  single 
cells,  or  which,  if  by  cell  division  they 
form  colonies,  do  not  have  the  cells  of 
the  colony  arranged  and  specialised  to 
form  definite  tissues. 

The  group  Metazoa  consists  of  all  multi- 
cellular animals  which  have  the  following 
characters  : — 

1.  I'he  cells  are  specialised  and  arranged 
to  form  definite  tissues.  Among  these,  except 
in  the  case  of  a few  degenerate  animals,  there  always  are 
— (A)  An  outer  layer  or  ectoderm. 

(B)  An  inner  layer  or  endoderm  which  surrounds  an 
enteron  or  central  digestive  cavity. 

2.  The  individuality  of  the  separate 
cells  is  s u b o r d i n a t e tl  to,  and  influenced 
by,  the  individuality  of  the  whole  animal. 

3.  S e X u a 1 reproduction  always  occurs. 
There  may  he  a scries  of  generations  produced  asexually, 
as,  for  instance,  by  budding,  but  eventually  sexual  repro- 
duction sets  in.  This  takes  place  by  the  fusion  of  a male 
cell  or  spermatozoon  with  a female  cell  or  ovum  formed 
respectively  in  male  organs  or  testes  and  female  organs 
or  ovaries. 
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THE  CASTE  UL  A,  CCELENTEEATA,  A AD 
CCELOMA  TA 

S the  Protozoa  are  all  email  animals,  and  most  of 


them  invisible  to  the  naked  eye,  it  is  plain  that  by 
far  the  majority  of  animals,  the  appearance  of  which  is 
familiar  to  us,  belong  to  the  Metazoa.  Among  the 
Metazoa,  for  instance,  are  man  himself  and  the  quad- 
rupeds, birds  and  reptiles,  frogs  and  fishes,  snails  and 
cuttle-fish,  insects  and  creatures  like  water-fleas  and 
crabs  and  lobsters,  worms  and  star-fish,  and  the  host  of 
soft,  gelatinous  animals  like  jelly-fish  and  sea-anemones, 
as  well  as  their  allies  with  hard  skeletons  such  as  corals. 
In  all  this  variety  of  animal  life  there  are  many  sets  of 
animals  which  naturally  fall  into  groups,  and  the  science 
of  zoology  occupies  itself  largely  with  the  investigation  of 
the  characters  of  these  groups,  and  with  the  relations 
between  them.  Just  as  the  whole  animal  kingdom  falls 
naturally  into  two  great  groups,  so  also  the  Metazoa 
themselves  belong  to  two  distinct  types,  Coelenterata  and 
Coelomata.  To  the  simpler  or  lower  of  these  Plydra,  and  a 
number  of  branched  forms  very  similar  to  it,  the  medusie 
or  jelly-fish,  and  the  sea-anemones  and  corals,  belong. 
These  differ  in  the  shape  and  size  of  the  body,  and 
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especially  in  the  shape  and  arrangement  of  the  enteron,  in 
the  nuniber  and  arrangement  of  the  tentacles,  in  the  nature 
of  the  cells  and  the  tissues,  and  in  many  other  respects. 
But  all  of  them  are  united  by  one  great  character  ; their 
bodies  consist  of  a wall  made  up  of  ectoderm,  mesogloca, 
and  endoderm,  and  this  surrounds  a single  central  cavity 
— the  enteron.  As  the  mesogloea  or  middle  lamella  is 
not  composed  of  cells,  and  so  does  not  rank  as  a special 
layer,  the  coelenterata  are  frequently  termed  Diploblastica, 
two-layered  animals.  The  typical  coelenterate  structure 
is  in  fact  a little  hollow  sac  or  stomach  with  a mouth  at 
one  end,  and  with  a wall  composed  of  ectoderm  and 
endoderm.  No  animal  actually  so  simple  as  this  is 
known,  but  a stage  like  this  occurs  in  the  development 
of  many  coelenterata  as  well  as  of  many  of  the  higher 
group,  the  coelomata,  and  it  is  probable  that  all  the 
coelomata  sprang  from  a simple  coelenterate  such  as  this. 
Let  us  try  to  form  a picture  of  such  a free  living  stomach  or 
gastrula,  as  it  is  called,  and  of  the  changes  in  it  which  would 
lead  up  to  the  structure  of  higher  animals.  In  Fig.  39,  I., 
is  represented  a gastrula  cut  through  the  middle  of  the 
mouth  and  down  through  the  middle  of  the  body,  so  as 
to  show  the  ectoderm  and  the  endoderm.  We  know  from 
study  of  existing  Coelentcrates  that  at  least  three  kinds 
of  cells  would  appear  in  the  ectoderm,  simple  protective 
cells  (II.  <'/),  nerve  cells  (II.  />),  and  muscle  cells  with  long 
contractile  muscle  fibres  (II.  r).  The  protective  cells 
remain  as  an  external  la}’er.  We  know  that  the  nerve 
cells  move  inwards  and  form  a network  of  ganglion 
cells  underlying  the  external  layer,  while  the  muscle 
cells  move  still  further  in,  so  that  they  form  a layer  of 
fibres  wrapping  round  the  gastrula  under  the  nervous 
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layer,  with  a nucleus  on  each  fibre  to  represent  the 
original  cell  (Fig.  39,  ILL).  The  nervous  layer  remains 
between  the  outer  cells  and  the  muscle  fibres,  and  so  is 
able  to  register  impressions  or  stimuli  received  from  out- 
side by  the  external  cells,  and  to  transmit  the  stimuli 


to  the  muscle  fibres  as  messages  to  contract.  In  some 


Coelenterates  a similar 
set  of  nerve  cells  and 
muscle  cells  separate 
themselves  from  the 
endoderm  and  lie  as  in 
the  first  case  with  the 
muscle  fibres  nearest 
the  mesogloea.  Between 
the  two  layers  of 
muscle  fibres  formed 
in  this  way,  there  may 
be  a small  or  large 
amount  of  mesocrloea 

O 

deposited. 

The  first  change  that 
we  may  suppose  to 
occur  in  such  a gast- 
rula  is  a considerable 
elongation  so  that  the 
mouth  lies  at  one  end 


Fig.  39. — I.  DiagramHof  Gastrula. 
E.  Enteron.  II.  and  I.  Enlarged 
diagram  of  ectoderm  eells.  a.  Protec- 
tive ; b.  nervoiLS  ; c.  muscular  ; at  II 
all  three  reach  the  outer  surface  ; at  III. 
the  nerve  cells  have  migrated  inwards 
to  form  a layer  under  the  protective 
celts,  and  the  muscle  cells  form  a simi- 
lar layer  still  more  internal.  IV.  Dia- 
gram of  elongate  gastrula  with — M. 
mouth  ; E.  enteron ; A.  anus. 


of  ti  long  oval  body.  Then  at  the  opposite  end  from 
the  mouth  an  aperture  into  the  enteron  appears.  The 
animal  is  now  an  elongated  cylinder  with  a mouth 
at  one  end,  and  an  anus  at  the  other  (Fig.  39,  IV.) 

I he  food  is  taken  in  by  the  mouth,  passed  into  the 
alimentary  canal,  or  enteron,  where  it  is  digested  and 
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absorbed  by  the  eiidodenn  cells,  while  the  indigestible 
debris  is  extruded  by  the  anus.  Such  an  animal  has 
now  an  anterior  and  a posterior  end,  and  if  it  moved 
through  the  water,  one  would  expect  it  to  go  with  the 
mouth  end  first,  so  that  food  particles  coming  in  its  way 
might  be  swallowed. 

The  next  stage  of  ini})ortance  occurs  by  the  enormous 
thickening  of  the  mesogloea  so  that  the  endoderm  and 
ectoderm  lie  at  a considerable  distance  from  each  other. 
Fig.  40,  I.,  represents  a longitudinal,  and  40,  II,  a trans- 
verse section  through  such  an  animal.  Both  ectoderm 
and  endoderm  are  broken  up  into  three  layers,  of  which 
the  inner  or  muscular  layer  lies  next  the  thick  mesogloea. 
In  some  living  Ccelenterates  the  mesogloea  is  very  thick, 
and  into  it  the  muscle  processes  dip,  and  even  cells  from 
the  ectoderm  and  endoderm  migrate.  Such  a condition 
gives  the  starting-point  for  the  Ccelomata.  Externally 
(Fig.  40,  I.  and  II.)  is  the  protective  layer  of  cells,  then 
comes  the  nervous  layer,  then  the  muscular  layer,  then  a 
wide  space  filled  with  a gelatinous  excretion  and  contain- 
ing cells  which  have  wandered  in  from  the  ectoderm  and 
endoderm,  then  comes  the  endodermal  muscle  layer,  then 
the  nervous  layer,  and  then  the  layer  of  digestive  cells,  and 
lastly,  in  the  centre  of  the  animal,  the  cavity  of  the  gut 
or  entcron.  In  actually  existing  Coelomata,  however,  there 
is  no  mesogloea,  but  a space  called  the  Coelome  occupying 
its  jilace.  Into  this  sj)ace  Avandcring  cells  migrate  and 
form  the  blood  and  blood-vessels  and  the  connective 
tissue  and  skeleton.  The  muscular  layers,  instead  of 
being  formed  from  the  ectoderm  and  endoderm  in  definite 
layers,  usually  arise  as  solid  buds  of  cells  coming  chiefly 
from  the  endoderm.  These  afterwards  arrange  them- 
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Eig.  40. — I.  L )iigitudiaal,  II.  Transver.se  section  through  an 
animal  with  very  thick  mesogloea,  mouth,  anus,  enteron  ; ectoderm  ami 
endoderm  broken  u[)  into  three  layers,  muscular  ne.sl  the  mesogluea, 
then  nervous,  and  then  protective  in  the  ectoderm,  digestive  in  endo- 
derm. In  Coelomates  mesenchyme  tissues  and  the  crelome  occupy  the 
space  here  filled  by  mesoglcjca. 

M.  Mouth  ; A.  anus  ; E.  enteron  ; Mes.  mesogloea.  lllack  layer  is 
muscle,  dotted  layer  is  nervous  ; layer  divided  into  cells  is  protective  in 
ectoderm,  digestive  in  endoderm. 

III.  Nervous  system  of  Coelomates — 1.  An  invertebrate  type;  the 
nervous  system  forms  a ring  round  the  alimentary  canal  in  front  and 
a longitudinal  band  below  it.  2.  The  vertebrate  type  ; the  nervous 
system  forms  a bulb  in  front,  a tube  behind,  both  above  the  alimentary 
canal  and  separated  from  it  by  a special  rod  of  cells — the  notochord. 
3.  Cress  section  through  posterior  part  of  1.  4.  Cro.ss  section  through 

posterior  part  of  2. 

M.  Mouth  ; A.  anterior  ; B.  posterior  parts  of  nervous  system  ; E. 
enteron  ; N.  notochord. 
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selves  round  tlie  gut  and  round  the  inner  side  of  the 
body-wall  so  that  their  final  position  is  similar  to  that  in 
the  diagrams  of  Fig.  40.  These  muscle  layers  and  the 
immigrating  vascular  and  skeletal  tissues  fill  up  a con- 
siderable part  of  the  space  originally  occupied  by  the 
raesogloea.  But  in  all  coelomates  there  is  present  a 
hollow  space  lying  within  the  muscular  la}’crs  and  lined 
by  a special  epithelium.  This  space  is  called  the  coelome, 
and  its  epithelium  is  the  coeloniic  epithelium.  The 
existence  of  this  cavity  lying  between  the  alimentaiy 
canal  or  enteron  and  the  body-wall  is  the  leading 
characteristic  of  Coelomates,  from  which  their  name  is 
derived.  The  buds  of  cells  which  form  the  muscles,  and 
the  cells  Avhich  form  the  coelomic  epithelium,  are  termed 
the  mesoblast  or  middle  layer.  With  the  mesoblast  the 
wandering  cells  which  form  the  blood  and  skeleton  are 
often  grouped,  but  it  is  better  to  keep  them  separate  in 
idea  under  the  name  mesenchyme.  The  Coelomates,  on 
account  of  these  sets  of  cells  lying  between  the  endoderm 
and  the  ectoderm,  are  often  distingui.shed  as  the  Triplo- 
blastica,  three-layered  animals,  but  it  is  necessary  to  re- 
member that  this  middle  layer  is  not  a simple  layer  like 
the  outer  and  inner  layers,  but  is  a composite  structure 
composed  of  contributions  from  the  others. 

Finally  we  have  to  consider  a set  of  changes  which 
occurs  in  the  nervous  layer.  It  will  be  remembered  that 
there  arc  two  layers  of  this.  The  endodcrmal  nervous 
layer  surrounding  the  alimentary  canal  either  disappears 
or  becomes  the  special  nervous  apparatus  of  the  wall 
of  the  gut.  The  ectodermal  nervous  layer  gives  rise  to 
the  chief  nervous  structures  of  the  adult,  and,  among 
Coelcntcratcs  generally,  it  becomes  specially  thickened  in 
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certain  regions.  Thus  even  in  Hydra  the  nerve  cells  are 
more  abundant  on  the  tentacles.  In  many  anemones 
this  occurs  very  markedly,  while  in  medusae  special 
thickenings  or  concentrations  occur  round  the  tentacles, 
round  the  margin  of  the  umbrella-like  swimming  bell, 
and  in  other  places.  Instead  of  forming  a scattered 
layer  of  ganglion  cells  these  become  aggregated  and  con- 
centrated in  tracts  and  regions  where  the  nervous  cells 
are  specially  useful.  When  the  gastrula  became  elongated 
and  took  to  moving  mouth  first  through  the  water  it  is 
plain  that  it  was  the  anterior  region  of  the  body  that  came 
first  in  connection  with  the  outer  world.  Accordingly  it 
is  in  the  anterior  region  round  and  above  and  below  the 
mouth  that  special  developments  of  the  nervous  layer 
arise  among  coelomates.  Most  often  in  the  region  above 
and  in  front  of  the  mouth  a specially  large  collection  of 
nerve  cells  occurs,  and  such  a collection  may  be  called  a 
brain,  while  the  part  of  the  body  in  which  it  lies  may  be 
distinguished  as  a head.  In  addition  to  this  thickening 
of  the  ectodermal  nervous  layer  in  the  front  end  of  the 
body,  thickenings  in  other  regions  occur  among  different 
coelomate  animals.  Of  these,  two  types  require  attention. 
In  many  animals  like  earthworms  and  leeches,  crayfish 
and  lobsters,  and  in  insects,  in  addition  to  the  nervous 
layer  in  the  anterior  region  there  is  a concentration,  or 
special  development  of  it,  all  along  the  under  surface  in 
the  middle  line  from  the  mouth  to  the  anus  (Fig.  40,  III. 
I and  3).  As  this  is  the  arrangement  in  the  most 
commonly  known  animals  that  do  not  possess  a back- 
bone, it  is  often  spoken  of  as  the  invertebrate  type  of 
nervous  system.  On  the  other  hand,  among  those 
animals  that  do  possess  a backbone,  such  as  fishes,  frogs, 
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reptiles,  birds,  and  mammals,  there  is  a special  concentra- 
tion of  the  nervous  system  along  the  middle  line  of  the 
upper  or  posterior  surface  (Fig.  40,  III.  2 and  4).  This 
is  the  spinal  cord,  which  runs  from  the  brain  down  the 
middle  line  of  the  back,  protected  by  the  arches  of  the 
backbone. 

Let  us  now  sum  up  the  characters  of  the  two  groups 
into  which  the  Metazoa  are  divided.  The  Coelenterata 
consist  of  Metazoa  built  upon  the  type  of  the  gas- 
trula.  In  them  the  body-wall  consists  of  two  cellu- 
lar layers,  the  ectoderm  and  the  endoderm,  separated 
by  the  mesogloea,  a supporting  layer  which  is  not 
composed  of  cells.  The  two-layered  wall  surrounds  a 
central  digestive  cavity,  the  enteron,  which  communi- 
cates with  the  exterior  by  an  aperture  serving  both  as 
mouth  and  anus.  The  Coelomata  contain  those  Metazoa 
in  which,  in  addition  to  the  ectoderm  or  endoderm,  there 
is  a third  set  of  cells,  the  mesoblast,  lying  between  them. 
The  cells  of  this  arc  derived  from  the  ectoderm  and  the 
endoderm,  by  the  partial  or  complete  mingling  of  several 
sources,  of  which  the  most  important  are  three,  muscle 
buds  representing  the  endodermal  and  ectodermal 
muscular  layers,  coelomic  epithelium,  and  mesenchyme 
or  vascular  and  skeletal  cells.  Wilhin  the  mesoblast  there 
is  a second  cavity,  surrounding  the  enteron  or  primitive 
digestive  cavity,  and  called  the  coelome.  The  ectodermal 
nervous  layer  becomes  concentrated  in  at  least  two  im- 
portant regions,  an  anterior  region  round  the  mouth, 
and  a longitudinal  tract  along  the  body. 


CHAPTER  XIV 


THE  EARTHWORM 


HE  earthworm  is  a convenient  type  of  coelomate  to 


examine,  as  it  is  large  enough  to  dissect  and  soft 
enough  to  cut  into  microscopic  sections  without  great 
diOiculty.  Earthworms  belong  to  many  different  genera, 
and  are  found  all  over  the  world,  living  in  the  earth,  in 
mud,  or  some  of  them  in  water.  Most  typical  examples 
live  in  the  ground.  As  Darwin  showed,  their  food  con- 
sists of  organic  matter,  chiefly  vegetable,  which  they 
obtain  from  the  soil  by  passing  great  quantities  of  earth 
through  their  alimentary  canals.  In  this  process  the 
nutritious  organic  matter  is  absorbed  by  the  alimentary 
canal,  and  the  indigestible  part  is  discharged  by  the  anus 
in  a finely  triturated  condition,  forming  the  worm-castings 
familiar  to  every  one.  In  this  way  worms  pass  a very 
large  quantity  of  the  soil  through  their  bodies,  and,  as  the 
castings  are  deposited  on  the  surface  of  the  ground,  stones 
and  other  objects  on  the  surface  are  gradually  undermined, 
and  in  the  course  of  years  buried  in  the  soil. 

The  different  kinds  of  earthworms  vary  in  size.  The 
smallest  are  no  thicker  than  a piece  of  packthread,  and 
may  be  less  than  a quarter  of  an  inch  in  length.  Some 
of  the  largest,  as,  for  instance,  the  giant  earthworm  of 
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Australia,  may  be  six  to  eight  feet  long,  and  at  the 
thickest  region  of  the  body  have  a girth  the  size  of  a 
man’s  wrist.  The  common  earthworms  of  England 
belong  to  more  than  one  genera,  and  there  are  several 
species.  The  two  genera  most  common  in  England  arc 
Lumhn'cus  and  x4llolohopJiora.  In  the  English  species  the 
genera  may  be  distinguished  by  the  dorsal  surface  of  the 
first  segment.  In  Ljimbn'cus  the  prostomium  is  pro- 
longed back  to  the  constriction  between  the  first  and 
second  segments  ; in  Allolohophora  the  prostomium  docs 
not  reach  so  far  (Fig.  41,  b).  The  common  large  worm, 

about  six  inches  long,  with  flattened  tail  and  whiter  lower 
surface,  is  x4Uolnbophora  terrestn's,  commonly  in  error 
called  Ltimbn'ciis  terrestris.  The  smaller  sized  common 
red  worm  with  white  clitellum  is  a Lumbrtens.  Into 
the  separate  characters  of  species  it  is  unnecessary  to  enter, 
as  any  of  them  will  serve  our  present  purpose.  For  the 
most  part  they  live  underground,  and  specimens  found 
crawling  on  the  surface  are  generally  diseased.  But  on  a 
summer  evening,  especially  after  rain,  earthworms  may  be 
seen  in  immense  numbers  on  the  surface  of  an}'  lawn. 
Each  remains  in  connection  with  its  burrow  by  the 
flattened  part  of  the  tail,  and  the  slightest  touch  or 
vibration  on  the  ground  causes  it  instantly  to  retire 
within  the  burrow.  The  mouth  of  the  burrow  is 
guarded,  sometimes  by  a small  stone,  more  often  by  a 
leaf  pulled  down  stalk  first.  The  sides  of  the  burrow  are 
always  damp  and  slimy,  the  slime  being  a seeretion  from 
the  olandidar  cells  on  the  outer  surfaee  of  the  skin,  and 
possibly  also  a fluid  discharged  from  the  coelome  of  the 
animal  through  a series  of  dorsal  pores. 

The  earthworm  is  an  elongated  animal,  pointed  at 


THE  EARTHWORM 


139 


both  ends,  and  flattened  towards  the  posterior  end.  The 
colour  varies  from  a red-brown  to  a pale  yellow-brown, 
and  is  darker  on  the  upper  surface  and  generally  at  the 
anterior  end.  It  is  constricted  externally  into  a number 
of  rings  or  somites,  of  which  there  may  be  different 
numbers  in  mature  specimens  of  the  same  species.  These 
may  be  so  few  as  sixty-eight,  or  may  be  more  than  two 
hundred.  This  is  the  first  instance  we  have  had  of  what 
is  known  as  segmentation,  and  the  segmentation  is  called 
metameric  when  the  segments  form  a longitudinal  row. 

It  is  a phenomenon  of  frequent  occurrence  among  coelo- 
mates.  Sometimes,  as  in  many  worms,  in  lobsters  and 
crayfish,  and  in  insects,  the  segmentation  is  obvious  on 
the  outer  side  of  the  body.  But  in  addition,  many  of  the 
internal  organs,  such  as  muscles,  nervous  structures, 
genital  organs,  and  bony  parts  (as  the  backbone  of  a fish 
or  of  a man)  also  may  be  segmented.  The  segmentation 
of  the  internal  organs  may  correspond  to  that  of  the 
external  surface  of  the  animal,  so  that  the  whole  body 
is  broken  up  into  a series  of  rings,  each  ring  being  practi- 
cally a repetition  of  the  ring  next  in  front.  More  often, 
as  in  man,  the  segmentations  of  the  different  internal 
organs  do  not  completely  agree  and  do  not  correspond 
with  external  marks.  Thus  our  body  can  hardly  be 
said  to  be  segmented  externally.  At  the  most  it  is 
broken  up  into  three  regions — the  head,  the  fore  part 
of  the  trunk  with  the  arms,  and  the  hind  part  of  the 
trunk  with  the  legs.  To  a certain  extent  the  muscles 
are  segmented,  but  these  segments  do  not  correspond 
with  the  divisions  of  the  outer  surface.  The  lungs, 
the  heart,  the  alimentary  canal,  and  the  kidneys  arc 
imsegmcnted,  while  the  nerves,  the  ribs,  and  the  back- 
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bone  are  highly  segmented.  So  far  as  observation  goes 
segmentation  is  a phenomenon  tliat  may  occur  in  almost 
any  coelomate  tissue,  and  although  the  result  of  it  is  to 
produce  an  appearance  of  similarity — just  as  from  a 
balloon  at  a considerable  height  a row  of  elephants  and 
a row  of  corn-ricks  would  closely  resemble  each  other — 
there  is  no  necessity  to  suppose  that  segmented  animals 
or  tissues  arc  really  more  like  each  other  than  are  un- 
segmented animals  or  tissues. 

The  whole  of  the  body  is  invested  with  a delicate 
transparent  iridescent  cuticle.  This  is  not  composed  of 
cells,  but  is  formed  as  a secretion  by  the  external  cells  of 
the  body-wall.  When  a worm  is  placed  in  spirit  the 
cuticle  becomes  separated  from  the  underlying  cells,  and 
strips  off  easily.  If  the  anterior,  more  pointed  end  be 
examined  carefully  with  the  naked  eye,  and  with  a small 
pocket  lens,  it  may  be  seen  that  the  most  anterior  seg- 
ment is  complete  posteriorly,  but  that  it  ends  anteriorly 
in  a rounded  lobe  overhanging  a wide  aperture  looking 
downwards  and  forwards.  The  aperture  is  the  mouth  ; 
the  projecting  lobe  is  termed  the  prostoniium,  and  if  a 
living  worm  be  examined  one  can  .see  that  the  pros- 
tomium  is  used  as  a delicate  organ  of  touch,  and  that 
it  is  more  sensitive  than  the  rest  of  the  body.  The 
posterior  segment  of  the  body  has  a vertical  slit  between 
two  humid  lips,  on  the  posterior  or  terminal  surface. 
This  is  the  anus.  Near  the  anterior  end  of  the  body — 
actually  in  segments  29-35 — there  is  a whitish,  swollen, 
saddle-shaped  ]')atch — the  clitellum.  I'his  is  most  ap- 
parent on  the  back  of  the  animal,  and,  except  during 
the  breeding  season,  it  is  not  a conspicuous  object.  It 
is  a patch  of  the  ectoderm,  the  walls  of  which  are 
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glandular  and  secrete  a cocoon,  ^vithin  which  the  mature 


ova  and  spermatozoa  are  placed. 

If  a finger  be  passed  along  the  ventral  flatter  surface  of 
an  Earthworm  from  the  posterior 
to  the  anterior  region,  it  will  be 
felt  that  that  surface  is  not  smooth 
like  the  rest  of  the  earthworm. 


but  is  studded  with  sharp  bristle- 
like points.  These  are  curved 
S-shaped  bristles  of  a horny 
material  which  is  common  among 
invertebrate  animals,  forming, 
for  instance,  the  hard  outer 
cuticle  of  beetles,  and  called 
chitin.  In  the  common  earth- 
worm there  are  eight  setce  on 
each  segment  except  the  anterior 
and  posterior  segments  (Fig.  41). 
These  eight  are  arranged  in  four 
longitudinal  rows  (two  lateral 
and  two  ventral),  the  spaces  be- 
tween the  longitudinal  rows 
being  flattened.  The  ventral 
rows  are  on  the  paler  ventral 
surface  ; the  lateral  rows  lie 
parallel  with  them,  where  the 
darker  colouring  of  the  upper 
part  of  the  body  begins.  The 
setae  are  embedded  in  blind  sacs 
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Fig.  41. — a.  rrostomiiun 
and  first  and  second  seg- 
ments of  Allolobophora  ; b. 
.same  of  Lumbricus.  Tlie 
lower  figure  is  a diagram 
of  the  ventral  aspect  of  seg- 
ments (9  16)  of  an  earth- 
worm. The  short  strokes, 
arranged  in  pairs,  are  the 
seta; : the  round  dots  in 
front  of  the  outer  setae  of  the 
inner  pairs  are  the  nephri- 
dial  pores.  The  sperma- 
thecai  apertures  are  between 
9 and  10,  and  10  and  11  ; 
the  apertures  of  the  egg- 
ducts  are  in  14,  and  of  the 
male-ducts  in  15. 
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of  the  epidermis,  projecting  into  the  coelome,  and  they 
are  formed  by  an  excretion  from  the  cells  lining  the  sacs. 
A powerful  set  of  muscles  is  attached  to  each  sac  (Fig.  4;. 
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s /;z),  and  by  means  of  these  muscles  the  setic  form  tlie 
locomotor  apparatus  of  the  earthworm.  When  cast  off, 
the  setie  are  replaced,  and  young  setas  occasionally  may 
be  seen  alongside  mature  examples. 

In  addition  to  the  mouth  and  anus  there  are  other 
external  apertures.  The  dorsal  or  peritoneal  pores  are 
small  apertures  situated  in  the  middle  of  the  constrictions 
separating  the  segments.  If  the  body  of  a newly  killed 
earthworm  be  gently  squeezed,  a small  drop  of  fluid 
exudes  from  each  pore,  and  it  may  be  seen  that  there 
is  one  of  them  in  every  constriction  except  near  the 
front  end  of  the  body. 

The  orifices  of  the  excretory  organs,  or  nephridia,  are 
very  small,  but  in  large  specimens  they  may  be  seen  with 
the  aid  of  a hand  lens.  There  are  two  orifices  in  each 
segment  ; each  lies  just  outside  and  in  front  of  the  exter- 
nal seta  of  the  inner  longitudinal  row. 

The  sexual  apertures  are  more  conspicuous  (Fig.  41). 
In  the  common  earthworm,  on  the  ventral  surface  of 
the  15th  segment  (the  segments  should  be  counted,  as 
variations  in  the  position  may  occur)  are  a pair  of  large 
slit-like  apertures  guarded  by  swollen,  light-coloured, 
tumid  lips.  These  are  the  external  openings  of  the  male 
organs.  In  a line  with  these,  on  the  segment  next  in 
front,  are  a pair  of  smaller  apertures,  the  female  openings. 

The  ventral  surface  of  a few  of  the  segments  in  front 
of  this  (9  to  11),  especially  in  the  breeding  season,  is 
swollen,  and  resembles  the  clitellum.  In  line  with  the 
lateral  set:c  at  each  side  there  is  present  a small  opening 
between  the  9th  and  loth,  and  between  the  10th  and 
nth  somites.  These  are  openings  of  accessory  repro- 
ductive organs  termed  the  spermatliecae. 
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All  the  external  characters  should  be  made  out  on  a 
living  or  a newly  killed  worm. 

Killing  by  chloroform  contracts  the  muscles  and 
distorts  the  animal.  The  dissection  should  be  per- 
formed upon  as  large  a specimen  as  possible,  killed  by 
immersion  in  methylated  spirit  for  two  minutes,  and  then 
washed  under  the  tap  for  half  an  hour.  A specimen  so 
treated  is  quite  limp,  and  should  be  dissected  under  water 
in  a shallow  dish  provided  with  a false  bottom  into  which 
pins  will  stick.  A sheet  of  cork  weighted  with  lead,  or  a 
layer  of  paraffin  run  into  the  bottom,  serve  this  purpose 
equally  well.  In  the  course  of  dissection  the  dish  should 
be  placed  under  the  tap  at  frequent  intervals,  so  that  all 
debris  that  makes  the  water  cloudy  may  be  removed. 
The  dorsal  wall  must  now  be  slit  up  carefully  along  the 
middle  line,  and  the  two  flaps  pinned  back  to  the  cork. 
The  spacious  coelome  or  body  cavity,  containing  the  ali- 
mentary canal  and  the  internal  organs,  is  exposed  by  this 
incision,  and  one  sees  at  once  that  it  is  divided  by  a series 
of  mesenteric  septa  — delicate  membranous  partitions 
usually  coinciding  with  the  constrictions  between  the 
segments,  except  in  front  of  the  fourth  segment.  Occa- 
sionally septa  may  be  more  numerous  than  the  segments. 
In  order  to  pin  out  the  flaps  widely  and  expose  the 
internal  organs  fully,  it  will  be  found  necessary  to  cut 
through  the  septal  attachments  to  the  body- wall  for  a 
short  distance  on  each  side  of  the  original  longitudinal 
incision. 

Before  proceeding  further  with  the  dissection,  the 
general  arrangement  of  the  organs  should  be  examined 
carefully. 

Anteriorly  is  the  pharynx,  a wide,  muscular  sac  reaching 
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from  the  anterior  end  to  nearly  the  8th  segment  ; behind 
this  it  narrows  and  is  overlaid  by  other  structures,  but 
about  the  20th  segment  it  is  again  visible  as  a rounded 
muscular  mass — the  gizzard,  which  is  separated  by  a con- 
striction from  the  intestine.  The  latter  is  sacculated, 
expanding  in  the  segments  and  constricted  at  the  septa  ; 
near  the  posterior  end  of  the  body  it  gets  rounder,  and 
narrows  until  it  reaches  the  anus.  The  outer  or  coelomic 
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Fig.  42. — Diagrammatic  longitudinal  view  of  the  fore-part  of  an  Earth- 
worm opened  from  the  left  side.  The  cadome  is  the  black  space ; the 
alimentary  canal  is  the  dotted  tube  passing  from  the  mouth  backwards. 
The  nervous  system  and  blood  vessels  are  in  white,  ni.  mouth  ; a.  w all 
of  buccal  cavity  ; b.  cerebral  ganglion  from  w hich  the  nerve  collar  runs 
round  the  alimentary  canal  to  be  continued  as  n,  the  ventral  nerve-cord  ; 
c.  pharynx  ; d.  dorsal  blood-vessel ; e.  anterior  of  the  five  hearts  w hich 
lead  from  d.  round  the  wsophagus  ; f.  calciferous  pouch  ; in  the  suc- 
ceeding tw'O  segments  are  the  calciferous  glands. 

surface  of  the  iulestinc  is  covered  by  a greenish-yellow 
layer — the  chloragogen  cells.  Kunning  along  the  dorsal 
middle  line  of  the  alimentary  canal  from  the  hinder  end 
of  the  body  is  a bright  red  tube — the  dorsal  blood-vessel. 
It  ends  anteriorly  in  the  region  of  the  pharynx,  over 
which  it  ramifies.  In  each  segment  a pair  of  blood-vessels 
can  be  seen  given  ofT  from  it,  and  running  round  the  inner 
side  of  the  body-wall.  In  segments  7 to  1 1 there  are  five 
large  and  conspicuous  vessels — the  hearts.  In  the  living 
worm  their  muscular  walls  are  contractile,  and  they  serve 
to  propel  the  blood. 
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The  alimentary  canal  and  the  other  organs  are  gene- 
rally covered  and  obscured  by  large,  whitish,  hollow, 
irregular  masses  stretching  from  about  the  8th  to  the 
1 5th  segments.  These  are  the  vesiculae  seminales— 
reservoirs  of  the  .seminal  fluid.  In  the  breeding  season 
(Fig.  43,  right  side)  they  are  so  large  and  conspicuous 
that,  even  before  the  earthworm  is  opened,  they  may  be 
seen  bulging  the  body-wall  out.  There  are  three  at  each 
side  and  a large  median  one.  When  they  are  not  well 
developed,  there  may  be  seen  between  them  three  pairs  of 
e.xpansions  of  the  wall  of  the  alimentary  canal  between 
the  pharyn.x  and  the  gizzard.  The  anterior  pair,  about 
the  10th  segment,  are  the  calciferous  pouches— glistening, 
whitish  organs  ; and  the  succeeding  two  pairs  in  the  iith 
and  1 2th  segments  are  the  oesophageal  or  calciferous 
glands.  Immediately  behind  them,  the  alimentary  canal 
expands  to  form  a soft-walled  sac  called  the  crop,  which 
passes  into  the  muscular  gizzard.  In  the  9th  and  loth 
segments,  laterally  just  under  the  edge  of  the  vesiculae 
seminales,  may  be  seen  two  pairs  of  rounded  pinkish 
bodies — the  spermathecae — the  external  openings  of  which 
ha\T  already  been  described. 

The  septa  are  specially  strong  in  the  anterior  part  of 
the  body,  and  owing  to  the  lateral  stretching  of  the  body 
when  the  flaps  were  pinned  out,  it  will  be  found  that  the 
septa  are  bent  so  that  they  overlap  each  other.  But  in 
the  region  behind  the  gizzard,  the  segments  are  larger 
and  the  septa  straighter.  In  this  region  a pair  of  nephridia 
may  be  seen  in  each  segment.  Each  nephridium  is  a 
small  coiled  structure  closely  attached  to  a mesentery, 
and  lying  under  and  to  the  side  of  the  alimentary  canal. 

For  more  detailed  dissection  the  different  organs  must 
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be  taken  separately,  and  if  it  be  found  that  the  examina- 
tion of  one  set  of  organs  has  injured  another  set,  another 
worm  should  he  dissected,  special  care  being  taken  with 
the  organs  imperfectly  seen  in  the  first. 

Alimentary  canal  (Fig.  42).  This  consists  of  a straight 
tube  running  from  the  mouth,  which  opens  from  the 
ventral  side  of  the  ist  segment,  and  is  overhung  by  the 
prostomial  lobe,  to  the  anus,  which  is  posterior  and 
surrounded  by  the  last  segment.  The  mouth  cavity  or 
buccal  cavity  leads  into  a very  short  constricted  part, 
which  is  surrounded  by  the  nerve  collar,  and  this  leads 
into  a wide,  muscular  pharynx,  which  extends  to  the 
6th  segment,  and  is  bound  to  the  body-wall  by  fan- 
shaped strands  of  muscle.  From  the  posterior  end  of 
this  emerges  a narrow  oesophagus,  which  runs  back  to 
the  14th  segment.  Midway  on  this  are  three  pairs  of 
protuberances — the  calciferous  pouches  and  glands.  The 
first  pair  lie  in  segment  10,  and  have  a narrow  opening 
into  the  gut.  The  second  and  third  pairs  lie  in  seg- 
ments II  and  12,  and  are  closed  cavities,  the  walls  of 
which  are  lined  by  horizontal  lamellae.  The  glands 
when  opened  are  found  to  contain  a milky-white  fluid 
secretion.  Under  the  microscope  this  is  seen  to  contain 
numerous  rounded  solid  bodies,  and,  in  the  first  pair, 
rhombohedra  and  large  concretions.  These  are  cal- 
careous bodies,  soluble  in  acetic  acid  with  the  evolu- 
tion of  carbonic  acid.  The  function  of  the  secretion  is 
unknown.  In  the  14th  segment  the  oesophagus  begins  to 
expand,  and  widens  until  the  17th  segment,  where  it 
forms  a large  muscular  gizzard.  The  expansion  in  front 
ot  the  gizzard  is  sometimes  called  the  crop,  but  it  has 
no  special  function.  The  gizzard  is  a grinding  or  tritu- 
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rating  organ,  and  its  interior  is  lined  by  a thick, 
chitinous  secretion  which  protects  the  wall  while  the 
stones  and  hard  particles  taken  in  are  rubbed  down. 
The  gizzard  is  to  be  considered  as  a modified  part  of 
the  oesophagus.  Behind  it,  the  alimentary  canal  passes 
into  the  sacculated  intestine,  which  passes  straight  back 
to  the  anus.  The  pharynx  should  now  be  cut  across, 
and  the  whole  alimentary  canal  from  the  cut  portion  to 
the  anus  should  be  removed  from  the  body,  slit  open  along 
one  side,  washed  out,  and  examined.  In  the  intestine 
a striking  feature  is  the  typhlosole — a fold  of  the  dorsal 
wall  hanging  down  half-way  into  the  cavity  of  the  gut 
(Fig.  45).  This  ceases  a short  distance  in  front  of  the 
anus. 

Coelome.  The  spacious  cavity  in  which  the  alimentary 
canal  was  lying,  and  which  is  broken  up  into  successive 
segments  by  the  septa,  is  the  coelome.  It  is  lined 
throughout  by  a delicate  flattened  layer  of  cells,  the 
nuclei  of  which  can  be  seen  in  transverse  sections.  This 
layer,  or  epithelium,  is  reflected  over  all  the  organs  lying 
in  the  coelome.  The  coelome  communicates  with  the 
exterior  by  the  dorsal  pores  and  also  through  the 
nephridia  and  the  genital  ducts.  The  fluid  within  it 
contains  amoeboid  corpuscles  and  large  round  cells 
loaded  with  granules. 

To  examine  the  coelomic  fluid  and  the  blood,  a small 
earthworm  should  be  killed  with  chloroform.  As  soon 
as  it  is  dead  the  coelome  should  be  opened  by  a small  slit 
in  the  middle  dorsal  line,  care  being  taken  to  avoid  the 
dorsal  blood-vessel.  The  slit  should  be  large  enough  to 
introduce  a very  small  pipette  or  the  point  of  a camel’s- 
hair  brush,  by  which  drops  of  the  coelomic  fluid  are  to  be 
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transferred  to  a glass  slide.  These  drops  may  be  examined 
in  the  fresh  condition  under  a cover-glass,  but  it  is  advan- 
tageous to  kill  and  fix  theccclomie  corpuscles  by  holding  the 
glass  slide  with  the  drop  on  its  under  surface  over  a few 
drops  of  osmic  acid  in  a watch-glass.  The  drop  on  the 
slide  must  not  be  allowed  to  touch  the  acid.  The 
vapour  rising  from  the  watch-glass  is  sufficient  for  the 
purpose. 

The  blood  is  to  be  examined  in  the  same  way,  a few 
drops  being  removed  from  a large  blood-vessel.  The 
blood  consists  of  a pale -yellow  serum  in  which  float 
colourless  corpuscles.  The  colour,  which  is  red  in  a 
thicker  layer  or  when  seen  in  the  blood-vessel,  is  due 
to  haemoglobin,  the  same  pigment  as  that  found  in  the 
blood  of  vertebrates.  But  in  these  the  serum  is  colour- 
less, and  the  haemoglobin  is  contained  in  the  corpuscles. 

The  corpuscles  of  the  earthworm  are  very  small.  Each 
contains  a large  nucleus  similar  to  those  which  are  found 
in  the  cells  lining  the  blood-vessels.  These  corpuscles  are 
therefore  unlike  either  the  red  or  the  amoeboid  corpuscles 
of  vertebrates.  The  amoeboid  corpuscles  found  in  the 
coelome  are  most  probably  the  representatives  of  the 
white  corpuscles  of  vertebrates,  and,  like  them,  they 
have  been  observed  in  the  process  of  devouring,  and 
so  destroying  foreign  bodies  like  bacteria  which  have 
found  their  way  into  the  body  of  the  earthworm. 

The  lining  epithelium  is  modified  in  certain  special 
regions.  The  yellowish  layer  of  cliloragogeii  cells  cover- 
ing the  intestine  has  already  been  mentioned.  These 
are  in  special  connection  with  the  plexus  of  blood-vessels 
Avhich  ramifies  over  the  intestine  (Fig.  45)  ; they  extract 
waste  substances  from  the  blood,  and  discharge  them  into 
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Llic  ca*loiiic,  from  which  ihcy  arc  rcinuvcii  by  the 
nephridia. 

Next,  it  is  on  the  lining  epithelium  of  the  cmlome  that 
the  sexual  cells  are  produced  ; the  testes  and  the  ovaries, 
presently  to  be  described,  are  little  buds  of  cells  jutting 
into  the  body  cavity  from  its  lining  wall,  and  the 
sexual  products  escape  from  the  coelome  by  the  sexual 
ducts. 

Sexual  organs  (Fig.  43).  The  ovaries  are  a pair  of 
minute,  rounded,  conical  bodies  projecting  into  the 
cavity  of  segment  13  from  the  posterior  Avail  of  the 
segment  separating  segment  13  from  segment  12.  They 
are  very  small  except  in  the  breeding  season.  In  order 
to  see  them  one  must  carefully  raise  the  upper  edge 
of  the  septum  to  which  they  are  attached,  by  a small 
pair  of  forceps,  when  the  little  conical  projections  arc 
visible,  one  at  each  side  of  the  middle  line.  Hold  up 
the  septum  with  the  left  hand  ; in  this  position  an 
ovary  may  be  scraped  off  with  the  edge  of  a sharp 
scalpel  and  then  removed  from  the  water  to  a slide  with 
a camel’s-hair  brush  and  examined  in  Avater  or  glycerine. 
Staining  on  the  slide  Avith  a quickly  acting  pigment  like 
eosin  is  an  advantage.  At  the  pointed  or  free  end,  if  the 
Avorm  Avere  sexually  mature,  lie  ripe  eggs.  These  are 
large  round  cells  Avith  a distinct  Avail,  the  vitelline  mem- 
brane, granular  cell-body,  Avhich  consists  of  protoplasm 
loaded  Avith  spherical  particles  of  food-yolk,  and  Avith  a 
large  round  nucleus.  Behind  them  lie  younger  ova  in 
different  stages  of  ripeness,  and  these  pass  into  a mass  of 
small  cells,  Avhich  Avere  in  continuity  Avith  the  cmlomic 
epithelium.  In  the  12th  segment  occasionally  there  are 
to  be  found,  especially  in  young  Avorms,  a second  pair  of 
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43.  — Genital  Segments,  dingrammalic  dorsal  view,  (lie  intestine 
having  been  removed.  The  ca-lome  is  black,  the  se])ta  and  nervous 
cord  (N)  white.  The  right  half  represents  a mature,  the  left  an  imma- 
ture, worm. 

Spermathecse : laterally  in  segment  9 bulging  out  septum  between 
9 and  10;  the  second  jiair  lie  similarly  in  segment  10,  but  the  right  is 
covered  by  the  V'esicuhe  seminales.  Vesiculse  seminales  (V),  on  the 
right,  form  large  bulbous  masses  from  segments  9 to  13;  on  the  left, 
they  lie  on  sejita  9-10,  10-11,  and  11-12,  the  two  latter  communicating 
with  the  seminal  funnels.  Testes  (T),  on  the  left,  attached  to  the 
posterior  wall  of  septa,  9-10  and  10  11  ; on  the  right,  concealed  by 
\’esicuke  seminales.  Vas  deferens  runs  back  from  the  seminal  funnels 
under  the  nephridial  coils  to  segment  16.  Ovaries  (0),  attached  to 
septum  12  13  in  line  with  the  testes.  Opposite  them  are  the  oviducal 
funnels  in  segment  13,  with  the  receptacula  ovoruni  bulging  into  14 ; 
from  the  side  of  the  funnels  the  ovitlucts  run  back  to  openings  in  14. 

Nephridia.  The  preseptal  funnels  lie  on  the  sides  of  the  nerve  cord 
in  every  segment ; the  coils  arc  visible  except  when  they  are  covered 
by  other  organs.  (Partly  after  Beddard.) 
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very  small  ovaries  similarly  attached  to  the  septum 
between  12  and  ii. 

The  septum  between  13  and  14  must  next  be  raised 
with  the  forceps,  and  there  is  to  be  seen  closely  applied  to 
its  anterior  face,  and  exactly  opposite  the  ovaries,  a pair 
of  short,  wide  funnels.  These  are  the  openings  of  the 
oviducts,  and  these  ducts  are  short  tubes  running  through 
the  septum  to  the  external  openings  on  segment  14. 
Each,  as  it  passes  through  the  septum,  is  in  close  con- 
nection with  a small  backward-directed  pouch  of  the 
septum  projecting  into  segment  14.  The  walls  of  these 
are  highly  vascular,  and  so  are  conspicuous,  although 
small.  They  are  egg-sacs,  in  which  eggs  may  sometimes 
be  found,  but  in  the  common  earthworm  they  are  of 
little  importance.  In  some  of  its  allies,  however,  these 
egg-sacs  are  enormous,  extending  a great  way  down  the 
body.  The  testes,  the  male  organs  corresponding  to  the 
ovaries  of  the  female,  consist  of  two  pairs  lying  attached 
to  the  posterior  face  of  the  septa  between  9 and  10  and 
between  10  and  ii,  in  positions  in  line  with  the  ovaries. 
Attached  to  the  anterior  faces  of  the  septa,  one  opposite 
each  testis,  are  the  seminal  funnels.  These  are  large 
opaque-white  membranous  funnels,  the  walls  of  which 
are  much  foldeil  and  arc  lined  on  the  inside  by  ciliated 
cells.  Each  funnel  passes  into  a small  tube — the  vas 
efferens — which  pierces  the  septal  wall.  The  two  vasa 
elTerentia  of  each  side  unite  in  segment  12  to  form  at 
each  side  a single  narrow  tube,  the  vas  deferens,  which 
runs  back  to  the  male  opening  on  each  siilc  of  the  middle 
line  on  the  ventral  surface  of  segment  15. 

In  immature  specimens  of  either  Allolobophora  or  of 
Lumbriens — that  is  to  say,  of  any  of  the  common  earth- 
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worms — the  testes,  funnels,  and  ducts  are  visible  when  the 
alimentary  canal  has  been  removed  (Fiir.  left  side). 
Rut  the  case  is  dilTerent  in  adults.  In  Lunihri'ciis^  in 
both  the  loth  and  iith  segments,  there  is  a large  median 
sac  formed  as  an  outgrowth  of  the  septal  wall  called  the 
median  sperm  reservoir  or  vesicula  seminalis.  These 
reservoirs  communicate  with  paired  sperm  sacs  in  seg- 
ments 9,  II,  and  12,  and  the  whole  set  of  sacs  forms  a 
prominent  irregular  white  set  of  pouches,  which  contain 
a thick  fluid  in  which  are  floating  developing  masses  of 
spermatozoa.  'I'lie  median  reservoirs  enclo.se  the  testes 
and  the  funnels,  and  it  is  necessary  to  slit  them  open  and 
wash  out  the  contents  before  the  testes  and  funnels  can 
be  seen.  In  Allo’.obophora,  and  therefore  in  the  common 
worm  used  for  dissection,  there  are  no  median  reservoirs, 
but  there  are  three  pairs  of  seminal  sacs  corresponding 
to  the  paired  outgrowths  present  in  l.uinbn'ciis.  In  the 
mature  condition  these  are  large  and  bloated  and  have- 
contents  similar  to  those  of  Lumbricus.  Occasionally 
they  grow  into  each  other,  but  to  find  the  testes  it  is 
necessary  not  to  cut  into  them,  but  to  displace  them  or 
to  remove  them  entirely. 

A small  portion  of  a testis  should  be  removed, 
stained  w-ith  eosin,  and  teased  with  iieedles.  It  contains 
small  irregular  cells  wdth  large  nuclei  : these  are  parts 
of  the  germinal  epithelium,  which,  as  in  the  case  of  the 
ovary,  is  a special  patch  of  the  coelomic  epithelium. 
Among  them  are  present  larger  cells  produced  from 
them,  d'hese  larger  cells  are  the  spermatophores,  each 
of  which  by  division  gives  rise  to  a large  number  of 
spermatozoa.  'I'he  spermatophores  are  set  free  from  the 
testis  as  oval  tuberculated  masses  containing  many  nuclei. 
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and  they  find  their  way  into  the  sj)erin  reservoirs.  A 
small  drop  of  the  milky  juice  contained  in  the  sperm  sacs 
or  sperm  reservoirs  must  be  stirred  into  a large  drop  of 
normal  salt  solution  on  a slide  and  covered  with  a cover- 
slip.  It  will  be  seen  to  contain  numerous  spermatophores 
in  different  stages,  'fhese  are  (i)  Mulberry-shaped  multi- 
nucleated  masses  as  in  the  testis.  (2)  Masses  in  which 
the  protoplasm  is  arranging  itself  round  each  nucleus 
and  projecting  outwards  as  a filament.  (3)  Stages  in 
which  the  filaments  are  prolonged  to  form  the  tails  of  the 
spermatozoa.  (4)  Final  stages  in  which  each  spermato- 
phore  consists  of  a central  unchanged  portion  surrounded 
by  tufts  of  .spermatozoa.  Occasionally  free  spermatozoa, 
each  with  an  elongated  head  and  a long  hair-like  tail, 
may  be  seen. 

Among  the  contents  of  the  sperm-reser\’oirs  almost 
invariably  there  are  present  stages  of  an  unicellular 
animal  belonging  to  the  genus  ^lonocysiis.  This  is  one 
of  a group  of  parasitic  Protozoa  named  Gregarines,  which 
live  as  parasites  in  the  bodies  of  coelomates.  The  fully 
grown  cell  is  a large  granular  mass  of  protoplasm  enclosed 
in  an  elongated  oval  cell-wall  with  pointed  ends.  Normal 
salt  solution  does  not  kill  it,  and  its  shape  constantly 
changes  as  it  wriggles  about  in  the  fluid.  There  may 
be  also  seen  large  round  cysts  produced  by  the  conjuga- 
tion of  two  cells.  The  cysts  are  .packed  full  of  small 
oval  spores  each  of  which  has  a hard  wall  enclosing  a 
tiny  elongate  mass  of  protoplasm.  Ruptured  cysts  and 
free  spores  are  of  frequent  occurrence.  These  Grc- 
garincs,  unlike  the  alg;e  fouiul  in  endoderm  of  Hydra,  are 
parasites  ; so  far  as  is  known  their  presence  is  attended 
with  no  benefit  to  theii  host,  and  in  many  cases  they 
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produce  diseases.  Tlie  bodies  of  earthworms  wliich  may 
be  found  away  from  their  burrows  lying  in  a half-dead 
condition  on  the  surface  of  tlie  ground,  contain  numerous 
Gregarines  of  dififercnt  kinds. 

Spsrmathecae.  Lying  in  the  ninth  and  tenth  segments 
are  a pair  of  very  peculiar  accessory  reproductive  organs 
— the  spermathecre.  These  two  pairs  of  rounded  globular 
sacs  open  directly  to  the  exterior  by  the  spermathecal 
pores.  They  contain  seminal  fluid  received  from  another 
worm  during  copulation. 

Nervous  system.  When  the  alimentary  canal,  behind 
the  pharynx,  and  the  sperm  reservoirs  hav^e  been  removed, 
there  is  visible,  stretching  along  the  floor  of  the  body 
cavity  from  one  end  to  the  other,  a delicate  white  cord. 
This  is  the  ventral  nervous  chain.  It  is  expanded  in  the 
middle  of  each  segment,  the  swellings,  or  ganglia,  being 
larger  in  the  hinder  parts  of  the  body,  and  in  each  segment 
three  pairs  of  short  nerves  run  from  them  into  the  body 
wall.  If  this  ventral  chain  be  traced  forwaids  under  the 
pharynx  it  may  be  seen  in  the  fourth  segment  to  separate 
into  two  branches,  each  of  which  bends  upwards  and 
forwards,  the  two  forming  a collar  round  the  oesophagus 
in  front  of  the  pharynx.  The  dorsal  part  of  the  collar  is 
formed  by  two  pear-shaped  ganglia  lying  on  the  constric- 
tion in  front  of  the  pharynx  and  united  by  their  broad 
ends,  'riiesc  two  are  the  supra-oesophageal  ganglia  or 
brain,  and  from  them  nerves  run  forward  to  end  in  the 
epidermis  of  the  prostomium. 

Circulatory  system.  Some  of  the  details  of  this  can  be 
seen  in  the  dissection  of  the  various  tissues  and  organs 
described,  but  it  is  useful  to  examine  this  system  in 
a fresh  worm.  This  should  be  dissected  under  spirit. 
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The  blood-vessels  are  recognised  by  their  bright  red 
colour. 

The  dorsal  vessel  (Fig.  45  (i) ) may  be  seen  through 
the  skin  in  a living  animal.  It  runs  from  the  posterior 
end  to  the  pharynx,  closely  applied  to  the  alimentary 
canal.  The  flow  of  blood  is  from  behind  forwards,  and 
the  vessel  is  rhythmically  contractile.  The  ventral 
vessel  (Fig.  45  (2) ) is  a median  vessel  running  backwards 
below  the  alimentary  canal,  along  the  whole  length  of 
the  animal.  Anteriorly  it  communicates  with  the  dorsal 
vessel  by  a series  of  capillaries.  The  subneural  vessel 
runs  along  the  whole  length  of  the  animal  under  the 
nerve  cord  within  the  sheath.  The  lateral  neural  vessels 
run  along  the  whole  length  of  the  nerve  cord  also 
embedded  in  the  sheath.  These  are  the  main  trunks 
of  the  vascular  system,  and  they  are  connected  with  each 
other  by  a complicated  system  of  capillaries. 

The  hearts  are  five  pairs  of  large  contractile  vessels 
(Fig.  42)  running  round  the  oesophagus  in  segments  7 to 
II  from  the  dorsal  to  the  ventral  vessel.  During  life  the 
contractions  pass  from  above  downwards.  In  each  seg- 
ment a pair  of  vessels  run  round  the  body-wall  from  the 
dorsal  to  the  subneural  vessels.  In  each  segment  at  least 
two  vessels  are  given  off  on  each  side  from  the  dorsal 
vessel,  and  immediately  break  up  into  a set  of  meshes 
ramifying  all  over  the  surface  of  the  intestine.  These  are 
covered  and  obscured  by  the  chloragogen  cells.  A longi- 
tudinal band  of  this  meshwork  at  each  side  is  specially 
conspicuous,  and  these  two  are  sometimes  called  the  lateral 
longitudinal  vessels.  The  nejihridia  receive  a blood- 
supply  Irom  the  ventral  vessel  : a small  blood-vessel  runs 
from  this  to  each  nephridium,  upon  which  it  breaks  up 
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into  capillaries.  From  these  a vessel  runs  back  to  the 
subneural  vessel. 

Nephridia  (Fig.  44).  To  examine  these  excretory 
organs  in  detail  it  is  important  that  the  septa  should  not 
have  been  torn  or  stretched.  When  the  alimentary 


Fro.  44. — F.nlarged  ilingraimiiatic  view  of  a Xephriuium.  4.  The  pre- 
sejHal  [lart  ami  the  funnel  ; this  passes  through  the  sei)tuin  S into  2,  the 
middle  loop.  1 is  the  inner  loop ; 3 the  outer  loop.  (Partly  after  Benham.) 

canal  has  been  removed,  the  worm  must  be  washed 
under  the  tap.  Each  nephridium  is  then  seen  with 
the  aid  of  a haiul-lens  as  a delieate  tube  or  loop,  whitish 
in  colour  (b  ig.  43),  and  extending  in  the  segmental  cavity 
from  the  mid-ventral  line  almost  to  the  mid-dorsal  line. 
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and  is  suspended  to  the  septum  by  a mesentery  of  its 
own.  It  is  divisible  into  a preseptal  region  lying  in 
front  of  the  segment  which  bears  the  external  aperture 
and  a much  larger  post-septal  region.  The  pre-septal 
region  is  very  short,  and  consists  of  a funnel  opening  into 
the  coelomic  cavity  and  a short  tube  passing  through  the 
septum  to  form  the  post-septal  part  (Fig.  44  (4)  ).  This 
part  should  be  cut  out  and  examined  in  a drop  of  normal 
salt  solution  under  a high  power.  The  funnel  consists  of 
a number  of  tall  columnar  cells  lined  by  strong  cilia,  the 
motions  of  which  sweep  a current  from  the  coelome  into 
the  tube.  The  funnel  opens  into  a narrow  tube  which  is 
hollowed  out  of  the  interior  of  the  rod  of  cells  through 
which  it  passes.  The  post-septal  portion  consists  of  three 
loops,  and  the  intracellular  tube  passes  suddenly  into  the 
ascending  limb  of  the  middle  of  these,  and  then  runs 
down  the  descending  limb  and  up  and  then  down  the 
inner  loop,  and  back  again  to  the  middle  loop,  which  it 
first  ascends  and  then  descends.  This  part  of  the  nephri- 
dium  is  the  largest  ; it  is  ciliated  in  places,  and  the 
ascending  and  descending  parts  are  twisted  about  each 
other.  (In  the  diagram  they  are  drawn  straight,  on 
account  of  simplification.)  The  narrow  part,  after  leaving 
the  middle  loop,  crosses  to  the  inner  loop  and  runs  up 
and  down  that  : this  part  of  the  tube  is  glandular  and  the 
cavity  is  much  wider.  Next  it  runs  up  and  down  the 
middle  loop  again,  and  finally  forms  the  v^ery  wide  tube  of 
the  outer  loop  which  ends  in  the  external  aperture. 

A dense  network  of  blood  capillaries  surrounds  and 
ramifies  through  the  walls  of  the  middle  and  inner  tubes. 

Minuter  details  of  the  anatomy  of  the  earthworm  must 
be  studied  by  means  of  sections.  As  the  amount  of 
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earthy  matter  in  the  intestine  blunts  the  razor  and  tears 
the  sections,  it  is  advisable  to  keep  the  worms  for  a few 
days  in  damp  moss  ; or  if  they  are  placed  in  salt  and  water 
for  a few  minutes  before  killing  they  will  frequently  dis- 
charge the  contents  of  the  intestine.  A small  specimen 
should  be  chosen,  and  killed  by  immersion  in  methylated 
spirits  for  about  two  minutes.  Then  it  should  be 
removed  to  a cold  saturated  solution  of  corrosive  sub- 
limate in  water  to  which  one  per  cent  of  glacial  acetic 
acid  has  been  added. 

After  immersion  for  half  an  hour  in  the  solution,  the 
tissues  are  sufficiently  hardened  for  cutting  out  the 
pieces  specially  required.  With  a sharp  razor  a piece  less 
than  half  an  inch  long,  so  as  to  include  three  or  four 
complete  segments,  should  be  removed  from  the  third 
quarter  of  the  body.  From  this  transverse  sections  arc 
to  be  cut.  Another  piece  should  be  removed  from  the 
anterior  end  so  as  to  include  segments  7 to  i6  inclusive  ; 
(of  this  longitudinal  horizontal  sections  should  be  cut). 
These  two  pieces  must  be  replaced  in  the  solution  for 
twenty-four  hours,  and  then  soaked  for  some  hours  in  70 
per  cent,  alcohol  in  which  a morsel  of  camphor  has  been 
dissolved.  The  spirit  should  be  changed  at  intervals, 
until  finally  it  remains  quite  clear  when  the  pieces  have 
been  soaking  in  it.  The  pieces  are  then  to  be  stained  in 
a solution  of  borax  carmine  for  at  least  two  hours,  and 
thereafter  soaked  in  70  per  cent,  alcohol  rendered  acid  by 
a drop  of  acetic  acid  ; then  they  must  be  soaked  succes- 
sively in  90  per  cent,  and  in  absolute  alcohol  for  at  least 
two  or  three  hours.  The  purpose  of  these  soakings  is  to 
replace  the  water  in  the  tissues  by  a liquid  into  which  a 
solvent  of  paraffin  will  diffuse.  The  pieces  should  now 
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be  removed  to  a narrow  test-tube  containing  about  an 
inch  of  absolute  alcohol.  Into  this  an  inch  of  chloro- 
form should  be  poured.  As  the  alcohol  is  lighter  than 
the  chloroform  it  will  stand  in  a column  above,  and 
the  pieces  of  worm  soaked  in  the  alcohol  will  also  be 
light  enough  to  float  in  the  upper  alcoholic  layer.  Rut 
as  the  chloroform  gradually  diffuses  into  the  alcohol  it 
will  also  diffuse  into  the  tissues  of  the  worm.  When  this 
process  is  complete  the  pieces  of  earthworm  will,  by  their 
own  weight,  sink  to  the  bottom  of  the  tube.  They  should 
then  be  removed  to  pure  chloroform,  and  some  small  frag- 
ments of  solid  paraffin  should  be  dropped  in  with  them. 
Gentle  heat  is  useful  to  assist  the  solution  and  penetra- 
tion of  the  paraffin.  For  this  purpose,  the  best  possible 
means  is  to  keep  the  mixture  of  worm,  paraffin,  and 
chloroform  in  a corked  tube  in  one’s  waistcoat  pocket 
for  a few  days.  Lastly,  the  pieces  of  worm  should  be 
picked  out  and  dropped  into  melted  paraffin  kept  at  a 
temperature  under  60°  Centigrade,  in  a hot  chamber.  If 
the  process  recommended  here  is  followed,  after  an  hour 
in  the  paraffin  the  pieces  will  be  completely  permeated. 

The  pieces  must  now  be  placed  in  little  paper  moulds 
filled  with  melted  paraffin.  Great  care  must  be  taken  to 
arrange  each  piece  so  that  it  may  be  cut  exactly  in  the 
plane  required.  When  this  has  been  done,  as  soon  as  the 
paraffin  is  cool  enough  to  be  opaque,  the  mould  should 
be  cooled  by  placing  in  cold  water.  Sudden  cooling 
renders  it  more  easy  to  cut.  The  blocks  when  cool  must 
be  trimmed  to  a suitable  size,  and  sections  cut  with  the 
microtome  and  placed  on  a slide  in  order.  The  slide 
should  be  smeared  with  a very  small  quantity  of  glycerine 
and  albumen,  and  then  placed  in  a warm  chamber  until 


i6o 


OUTLINES  OF  BIOLOCV 


the  paraffin  has  melted.  Washing  with  warm  turpentine 
will  dissolve  out  the  paraffin,  after  which  the  sections 
should  be  mounted  in  Canada  balsam  dissolved  in 
chloroform. 

The  sections  must  be  e.xamined  first  under  a low 
power  in  order  that  the  general  arrangement  of  the 
tissues  and  organs  may  be  seen.  Then  the  details  of 
structure  are  to  be  inve.stigated  with  a higher  power. 

Transverse  section  through  the  region  of  the  intestine 

(Fig-  45)- 

The  general  shape  is  round.  I'he  dorsal  surface  is 
indicated  by  the  typhlosole,  the  ventral  by  the  nerve 
cord. 

a.  The  integument. — The  cuticle  (t^)  is  thin  and  struc- 
tureless ; it  is  usually  partly  or  wholly  separated  from 
the  underlying  epidermis  by  action  of  the  re-agents. 

The  epidermis  comes  next.  It  is  a single  layer  of 
columnar  cells,  with  nuclei  at  their  bases.  These  are 
cither  glandular  “goblet  cells,’’  or  more  slender  packing 
cells.  The  glandular  cells  secrete  the  mucus  which 
renders  the  body  of  a living  worm  slimy  and  aids  its 
movements  in  its  burrow.  The  packing  cells  form  by 
secretion  tbc  delicate  cuticle.  A second  row  of  very 
small  cells  may  be  distinguished  under  this  outer  layer 
in  specially  good  jircparations.  In  the  region  of  the 
clitellum  the  epidermis  cells  are  separated  by  small  inter- 
spaces into  winch  capillaries  run,  and  the  whole  layer  is 
much  thicker. 

h.  The  setae  may  be  seen  lodged  in  sacs  which  are 
invaginations  of  the  skin  extending  deep  into  the  body 
through  both  of  the  muscular  layers.  Young  setae  may 
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be  seen  lodged  within  the  sacs,  and  the  muscular  fibres 
attached  to  work  the  setre  are  obvious  {sm).  As  the 


Fig.  45. — Transverse  Section  through  posterior  part  of  Worm.  c. 
Cuticle,  e.  Epidermis,  the  gland  cells  arc  light,  c.m.  Circular  mur- 
cular  layer,  l.m.  Longitudinal  muscular  layer,  c.e.  Coelomic  epithe- 
lium. c.  Coelome.  chi.  Layer  of  chloragogcn  cells  covering  the 
intestine  and  dorsal  vessel,  en.  Intestinal  epithelium,  ty.  Typhlosole. 
n.  Part  of  nephridial  coil.  S.  Seta  sac.  s.m.  Muscular  apparatus  of 
setce.  Ner.  Nerve  cord  ; the  reference  line  ends  in  one  of  the  three 
giant  fibres  ; the  nerve  cord  is  invested  with  a sheath  in  which  lie  the 
three  neural  vessels  on  the  ventral  side.  n.a.  Nephridial  aperture. 
E.  Enteron,  with  typhlosole  projecting  into  cavity.  The  blood-vessels 
are  in  black — 1.  Dorsal  vessel.  2.  Ventral  vessel. 

sections  are  rarely  cut  exactly  in  a vertical  plane,  the  four 
rows  of  setae  are  not  always  cut  through  in  a single  section. 
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c.  The  muscular  layers  of  the  body  wall.  These  con- 
sist of  an  outer  layer,  the  fibres  of  which  run  circularly 
round  the  body  (c/;/),  and  an  inner  layer  which  is  thicker, 
of  fibres  running  longitudinally  {Im).  The  latter,  there- 
fore, are  cut  across  in  the  transverse  section.  The  fibres 
are  elongate  columnar  bodies  marked  by  delicate  longi- 
tudinal striae  and  embedded  in  a granular  matrix  contain- 
ing nuclei.  Between  the  fibres  and  between  the  layers  of 
muscle  there  is  present  a quantity  of  connective  tissue, 
many  of  the  cells  of  which  are  pigmented.  This  con- 
nective tissue  divides  the  longitudinal  la}’er  into  a series 
of  radial  longitudinal  sheets  which  in  transverse  section 
have  a feather-like  appearance. 

The  coelome  or  body -cavity  (c)  is  the  wide  space  between 
the  body-wall  and  the  intestine.  It  is  lined  by  the  coelo- 
mic  epithelium,  a single  layer  of  cells  so  delicate  that 
only  the  nuclei  are  visible. 

d.  The  intestine  is  the  large  structure  occupying  the 
middle  of  the  section.  Its  diameter  is  about  half  that 
of  the  whole  body.  The  typhlosole  is  a prominent 
fold  of  the  dorsal  wall  extending  down  into  the  intes- 
tine and  making  the  actual  ca\'it}'  crescentic.  Within 
this  cavity,  however  one  may  have  attempted  to 
empty  the  alimentary  tract,  there  is  certain  to  be 
present  debris  of  some  kind.  The  cavity  is  lined  by 
a single  layer  of  long  narrow  ciliated  cells.  Outside 
this  is  a thicker  layer  of  muscle  fibres  and  connective 
tissue.  The  next  outermost  coat  consists  of  a ramifying 
plexus  of  blood-vessels  embcdiled  in  chloragogen  cells. 
The  blood  vessels  are  recognised  by  the  blood  within 
them  which  stains  deeply.  The  larger  passages  of  this 
layer  of  blood-vessels  known  as  the  longitudinal  vessels 
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are  usually  visible.  The  dorsal  blood-vessel  lies  imme- 
diately over  the  typhlosole,  sometimes  embedded  in 
chloragogeii  cells,  and  the  ventral  vessel  immediately 
under  the  intestine  ; but  these  two  are  separate  from 
the  plexus,  and  vessels  passing  from  them  into  the 
plexus  may  have  been  cut  across. 

Nephridia. — As  these  are  coiled  tubes,  in  cross  section 
they  appear  as  a number  of  circular  and  oblong  pieces 
according  to  the  way  in  which  the  plane  of  the  section 
has  cut  across  the  loops.  If  a successive  series  of  sections 
has  been  mounted,  these  pieces  of  the  nephridia  should 
be  traced  from  section  to  section  until  both  the  funnel 
and  the  external  orifice  have  been  seen. 

The  nerve  cord  lies  just  within  the  longitudinal 
muscular  layer  enclosed  in  a strong  double  connective 
tissue  sheath,  in  which  lie  three  blood-vessels — the  sub- 
neural  on  the  under  side,  and  the  lateral  neurals  at  each 
side.  Within  the  connective  tissue  sheath  is  a thin 
muscular  layer  which  surrounds  the  true  nervous  cord. 
If  the  section  passes  through  the  middle  of  a segment,  the 
nerve  cord  appears  to  be  partly  divided  by  a shallow  con- 
striction into  two  ganglia.  The  body  of  the  cord  or  of 
the  ganglia  is  occupied  by  delicate  nerve  fibres  which 
give  a granular  appearance  to  the  transv^erse  section, 
and  by  large  nucleated  ganglion  cells.  These  are  more 
abundant  in  the  ventral  and  lateral  regions  of  the  cord. 
Along  the  dorsal  region  run  three  large  fibres  with  thick 
walls  and  gelatinous  centres,  the  giant  fibres.  The 
function  of  these  is  unknown,  but  as  they  have  been 
traced  into  nerve  cells  they  are  probably  part  of  the 
nervous  apparatus.  By  some  they  are  supposed  to  be 
supporting  or  skeletal  structures.  Lateral  branches  may 
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be  seen  issuing  from  the  cord  running  outwards  and 
downwards  into  the  body-wall. 

The  septa  are  obliquely  arranged  in  the  body  of  the 
worm,  and  so  in  almost  every  transverse  section  part  of 
one  or  more  may  be  cut  across.  Such  appear  as  very 
thin  sheets  of  connective  tissue  with  a few  muscular 
fibres  running  in  them. 

Longitudinal  Horizontal  Section  through  the  Genital 
Organs. — These  will  differ  very  much  according  to  the 
plane  from  which  they  are  taken,  and  it  is  very  instruc- 
tive to  study  the  whole  series  from  the  dorsal  surface  to 
the  ventral  surface.  This  should  be  done  under  the  low 
power,  as  otherwise  it  is  impossible  to  understand  the 
relative  positions  of  the  organs.  The  most  useful  are 
those  passing  through  the  levels  of  the  funnels  of  the 
genital  ducts,  although  of  course  it  will  be  extremely 
improbable  that  a single  section  will  pass  through  many 
of  these.  As  the  septa  running  across  the  section  are 
very  visible,  it  is  not  difficult,  after  a little  study  and 
comparison  with  drawings  of  the  dissected  worm,  to 
identify  the  sections  and  the  organs. 

The  integument  and  epidermis  running  along  each 
side  of  the  oblong  section  exhibit  nothing  not  seen  in 
transverse  sections. 

The  fibres  of  the  external,  or  circular,  muscular  layer, 
will  be  seen  cut  across,  while  the  fibres  of  the  inner,  or 
longitudinal  layer,  run  along  the  section  on  each  side. 

The  coelome  will  appear  as  a longitudinal  space  between 
the  muscles  within  the  muscular  layer,  and  broken  up 
into  compartments  by  the  septae.  The  plane  of  the 
section  will  probably  lie  below  the  intestine  except  in  the 
region  of  the  gizzard,  a small  portion  of  the  lower  part 
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of  which  will  be  visible.  Notice  the  thick  muscular  wall 
and  the  chitinous  layer  lying  within  the  intestinal  epithe- 
lium and  formed  from  it  as  a secretion. 

The  nephridia  will  appear  much  as  in  the  transverse 
sections. 

The  septa  will  exhibit  the  same  structure  as  in  trans- 
verse section,  and  it  will  be  noticed  that  they  are  pierced 
by  the  blood-vessels,  alimentary  canal,  and  genital  ducts. 

The  genital  organs  occupy  positions  indicated  in  Fig. 
43,  but  their  relation  to  each  other  and  to  the  septse  are 
more  apparent. 

After  the  anatomy  of  the  earthworm  has  been  studied, 
it  is  well  to  consider  the  parts  played  by  its  complicated 
system  of  organs  in  the  life  of  the  animal.  We  saw  how 
hydra  differed  from  a mere  colony  of  cells  in  that  its  cells 
performed  their  functions  for  the  general  benefit  of  the 
whole  organism.  In  the  more  complicated  structure  of 
the  earthworm  this  subordination  of  the  parts  to  the 
whole  is  still  more  marked.  Nutrition  is  now  served  by 
an  elaborate  alimentary  canal  the  various  parts  of  which 
have  distinct  functions.  The  food,  which  consists  of 
organic  matter  in  the  soil,  is  swallowed  by  means  of  the 
buccal  cavity  and  pharynx  ; it  is  ground  up  in  the 
gizzard,  and  no  doubt  digestive  juices  are  poured  on  it 
from  the  cells  of  the  intestine.  These  certainly  ingest 
from  the  mass  in  the  gut  the  nutritious  particles,  which 
are  in  turn  handed  on  to  the  blood  as  more  elaborated 
products,  and  from  the  blood  all  the  cells  of  the  tissues 
and  organs  pick  up  what  nutriment  they  require.  The 
cells  discharge  their  waste  water  into  the  blood,  and  from 
it  the  nitrogenous  waste  is  removed  in  two  ways.  The 
chloragogen  cells,  which  cover  the  capillaries  of  the 
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intestine,  extract  waste  matter  from  the  blood  and 
liberate  it  into  the  body  cavity,  whence  it  escapes  by  the 
funnels  of  the  nephridia.  Next,  the  blood  capillaries  on 
the  middle  and  inner  loops  of  the  post-septal  parts  of  the 
nephridia  afford  opportunity  for  the  glandular  cells  of 
these  tubules  to  pick  out  more  waste  matter,  which,  along 
with  matter  coming  in  by  the  funnel,  is  discharged  by  the 
nephridial  apertures. 

There  is  in  the  common  earthworm  no  special  organ 
of  respiration.  But  along  with  the  earthy  matter  taken 
into  the  intestine  much  air  is  swallowed,  and  from 
this  the  abundant  blood-vessels  of  the  gut  absorb  oxygen 
and  no  doubt  return  to  it  carbonic  acid,  the  cells  of  the 
gut  performing  or  aiding  the  transfer.  The  oxygen 
combines  with  the  haemoglobin  dissolved  in  the  blood, 
and  is  carried  to  the  different  tissues  and  cells  of  the 
body,  from  which  again  carbonic  acid  is  returned  to 
the  gut  to  be  discharged.  Associated  with  the  func- 
tions of  the  blood  as  a carrier  of  food  and  of  waste  matter, 
of  oxygen  and  carbonic  acid,  is  the  fact  that  it  circulates 
in  a closed  system  of  vessels,  the  contractile  hearts  and 
dorsal  vessel  providing  the  propelling  force. 

The  reproduction  of  the  earthworm  also  is  complicated. 
Some  of  its  near  allies  can  reproduce  by  budding,  but 
although  the  earthworm  has  a limited  power  of  reproduc- 
ing parts  accidentally  lost,  it  has  not  the  power  of  vegeta- 
tive reproduction.  Its  normal  method  is  sexual.  As  it 
has  both  male  and  female  organs  in  the  same  individual 
it  is  a hermaphrodite.  Cross-fertilisation  is  secured  by  a 
peculiarly  complicated  process  in  which  three  individuals 
are  involved.  First  two  worms  A and  B copulate,  and 
spermatozoa  are  passed  from  the  male  apertures  of  A into 
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the  sperniathecce  of  B ; then  B copulates  with  a third 
w'orm  C,  a cocoon  is  formed  by  secretion  from  the 
clitellum,  and  into  this  C discharges  ova,  while  B places 
along  with  the  ova  spermatozoa  from  the  spermathecse. 
The  impregnation  of  the  eggs  takes  place  within  the 
cocoon. 


CHAPTER  XV 


VERTEBRATES  AND  INVERTEBRATES 
HE  earthworm  is  only  one  among  a very  large 


number  of  invertebrate  Coelomata.  Some  of 


these,  like  star-fishes,  water-fleas,  crabs  and  lobsters, 
insects,  spiders  and  scorpions,  centipedes,  snails  and 
cuttle-fish,  are  very  unlike  it.  A little  reflection  on  the 
animals  that  we  all  know  will  convince  even  those  who 
take  no  special  interest  in  natural  history  that  the  common 
invertebrates  fall  into  natural  groups,  each  group  con- 
taining a number  of  animals  all  more  or  less  alike. 
Naturalists,  from  their  greater  knowledge  of  animals, 
would  make  more  groups  and  would  detect  resemblances 
and  differences  unapparent  to  the  ine.xpert.  But  the 
least  expert  would  not  confuse  earthworms  with  star-fish, 
or  either  with  insects  or  snails.  These  are  unlike  in 
almost  every  feature,  and  it  is  in  little  else  than  the 
characters  common  to  all  coelomates  that  they  resemble 
each  other.  On  the  other  hand,  if  we  take  the  ccelo- 
mate  vertebrates — fishes  and  amphibians,  reptiles,  birds 
and  mammals — although  there  are  striking  differences 
between  the  great  groups,  yet  it  is  plain  that  they  re- 
semble each  other  much  more  closely  than  do  the  inverte- 
brate groups.  Each  have  the  body  divided  into  head  and 
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trunk,  and  the  latter  is  continued  into  a tail,  short  or 
long.  On  the  ventral  surface  of  the  head  is  the  mouth  ; 
the  head  contains  the  brain,  and  carries  nose,  eyes,  and 
ears.  The  trunk  has  never  more  than  two  pairs  of 
appendages,  corresponding  to  our  arms  and  legs.  The 
body  has  an  internal  bony  or  cartilaginous  skeleton,  con- 
sisting of  a skull  or  brain-box ; a vertebral  column,  the 
upper  part  of  which  is  traversed  by  the  spinal  cord,  the 
great  nervous  continuation  of  the  brain  into  the  body ; a 
pectoral  girdle,  to  which  the  front  pair  of  limbs  are 
attached  ; and  a pelvic  girdle,  bearing  the  hind  limbs. 
In  all  the  vertebrates  the  cavity  of  the  mouth  communi- 
cates by  a straight  oesophagus  with  a stomach,  from  which 
an  intestine  passes  to  the  anus  at  the  root  of  the  tail. 
There  opens  into  the  intestine  close  behind  the  stomach 
the  duct  of  a large  organ,  the  liver,  found  in  them  all  ; 
the  front  part  of  the  alimentary  canal,  immediately  behind 
the  mouth,  is  specially  connected  with  the  function  of 
respiration.  In  fishes  four  or  five  slits  on  each  side  of 
the  neck,  the  gill-slits,  establish  a communication  between 
the  inside  of  the  alimentary  canal  and  the  exterior,  and 
blood-vessels  round  about  these  openings  pick  up  the 
supply  of  oxygen  for  the  whole  body  from  the  water 
passing  through  the  slits.  The  tadpoles  of  frogs  and  the 
unborn  young  of  reptiles  and  birds  and  mammals,  all 
possess  these  slits  in  the  side  of  the  neck  opening  into  the 
alimentary  canal  behind  the  mouth.  The  blood  system  of 
all  vertebrates  consists  of  arteries  and  veins  connected  by 
capillaries,  and  the  blood  is  always  made  to  circulate  by 
the  contractions  of  a muscular  heart  lying  below  the 
alimentary  canal  in  the  front  part  of  the  body,  while  the 
blood  itself  in  them  all  consists  of  a colourless  fluid,  in 
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which  arc  multitudes  of  white,  amoeboid  corpuscles, 
and  red  corpuscles  coloured  by  a pigment,  hemo- 
globin, whieh  serves  to  carry  the  oxygen.  All  verte- 
brates have  kidneys  to  remove  their  nitrogenous  waste, 
and  the  apertures  by  which  the  urine  is  discharged  are 
closely  conneeted  with  the  reproductive  apertures,  and  lie 
near  the  anus. 

Minuter  investigation  of  the  anatomy  and  of  the  strue- 
ture  of  the  cells  in  the  tissues  and  organs  similarly  shows 
the  very  elose  resemblance  existing  among  vertebrates. 
We  are  led  to  the  eonelusion  that,  while  there  are  many 
great  types  or  classes  of  eoelomate  invertebrates,  of  which 
the  earthworm  and  its  allies  represent  one,  there  is  only 
one  type  of  vertebrate  eoelomate.  \^^ertebrates  are  larger, 
and  being  more  familiar  with  them,  we  know  the  dif- 
ferences between  them  more  intimately  ; but  when  we 
compare  them  with  the  less  familiar  differences  among 
the  less  familiar  invertebrates,  we  find  that  the  verte- 
brates must  be  placed  in  one  class,  the 
invertebrates  in  man}'  classes. 

Taking  a class  such  as  the  vertebrates,  with  whieh  we 
are  all  more  or  less  familiar,  it  is  obvious  that  there  are 
groups  in  it  which  we  think  of  as  higher  or  lower  with 
respeet  to  each  other.  Thus  birds  and  mammals  are 
higher  than  reptiles,  reptiles  than  amphibia,  amphibia 
than  fish.  Below  fish,  there  are  a number  of  small,  less 
familiar  animals,  such  as  Ainphiosus^  the  lancelet,  Asci- 
diaus,  or  sea-squirts,  and  Balauoglossus^  which  continue 
the  vertebrate  chain  down  to  animals  which,  taken  by 
themselves,  would  pass  as  very  simple  invertebrates.  A 
similar  condition  of  things  exists  among  the  great  inverte- 
brate groups.  Common  animals  like  the  star-fish  and 
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the  earthworm,  lobsters  and  crabs,  flying  insects,  snails, 
and  so  forth,  stand  near  the  top  of  long  series  of  animals, 
the  lower  end  of  each  series  consisting  usually  of  incon- 
spicuous simple  coelomate  forms.  Now  to  understand 
properly  the  resemblances  and  relationships  among  these 
great  groups,  it  is  necessary  not  simply  to  compare  with 
each  other  the  higher  forms,  like  star-fishes,  earthworms, 
crabs,  insects,  snails,  and  vertebrates,  but  first  to  trace 
d o w n \v  a r d s each  separate  group  to  its 
simplest  forms,  and  then  to  compare  ^v  i t h 
each  other  these  simplest  forms.  Such  a 
task  forms  a great  part  of  the  science  of  comparative 
anatomy,  and  within  the  limits  of  an  elementary  course 
of  study  it  is  possible  to  do  little  more  than  to  gain  an 
idea  of  the  method  by  which  correct  ideas  may  be  gained. 
Between  representatives  of  two  groups  of  coelomates  like 
the  earthworm  and  the  dog-fish,  we  must  look  for  little 
in  common  besides  the  simple  characters  common  to  all 
coelomates. 

In  Chapter  XIII.  we  have  dealt  with  the  common 
characters  of  coelomates  ; it  is  now  necessary  to  add  a 
further  statement,  the  evidence  for  which  unfortunately 
is  too  long  to  be  given.  A particular  method  of  progres- 
sive advance  of  structure  is  common  to  all  the  great 
groups  of  coelomates.  The  simplest  animals  in 
all  are  least  segmented;  in  many  cases 
they  are  quite  u n s e g m e n t e d , and  we  may  take 
it  that  the  first  or  primitive  stage  of  coelo- 
mates  is  un  segmented.  The  next  stage  of 
advance  is  shown  by  a great  increase  of  segmentation, 
which  may  affect  the  whole  body  or  only  parts  of  it,  or 
which  may  affect  different  parts  or  organs  in  different 
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degrees.  The  segmentation  of  the  skin  may  not  be 
exactly  the  same  as  that  of  the  coelome,  and  the  seg- 
mentations of  these  may  be  different  from  the  segmenta- 
tions of  the  nephridia,  blood-vessels,  genital  organs, 
and  so  forth.  The  third  stage  is  a condensation  of  the 
segmentation  in  dilTerent  regions.  The  most  familiar 
instance  of  this  is  what  is  called  cephalisation.  Two  or 
more  of  the  anterior  segments  may  be  telescoped  together 
at  the  anterior  end  to  form  a complicated  and  condensed 
part  of  the  body  called  the  head.  Another  familiar 
instance  of  this  process  we  shall  find  to  be  the  condensa- 
tion of  a number  of  nephridia,  to  form  a kidney.  Like 
its  predecessor,  the  process  of  segmentation,  this  proce.ss 
of  condensation  may  affect  separate  series  of  structures 
in  different  regions  and  in  different  ways,  and  the  result 
of  it  is  to  produce  a number  of  general  and  misleading 
resemblances  between  higher  members  of  different  groups. 

In  the  light  of  these  general  considerations  we  may  sum 
up  the  relations  between  the  earthworm  and  vertebrates. 

The  earthworm  is  one  member  s t a n d - 
i n g near  the  head  of  one  of  the  many 
groups  of  invertebrate  coelo  mates.  It 
has  reached  the  second  stage  of  coelo- 
m a t e development  in  that  it  is  very 
highly  segmented,  and  t h e re  is  little  or 
no  trace  of  the  third  stage,  the  stage  of 
the  condensation  of  segments.  The  loco- 
motor organs  are  not  limbs,  but  unjointed, 
c h i t i n o i d s e t ac  implanted  in  the  body- 
wall.  The  nervous  system  consists  of  a 
pair  of  cerebral  or  p r o s t o m i a 1 ganglia, 
and  a g a n g 1 i o n a t e d ventral  cord  show- 
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i n g signs  of  b e i ng  two  cords  c 1 o s e ly 
applied.  The  excretory  organs  consist 
of  nephridia  opening  into  the  body  cavity 
by  a ciliated  funnel  and  to  the  exterior 
by  an  external  pore;  these  nephridia 
are  highly  segmented,  there  being  a pair 
for  nearly  every  somite  in  the  body. 
The  genital  organs  show  much  less  trace 
of  segmentation. 

Vertebrates  from  fish  up  to  man  are 
the  higher  representatives  of  a single 
group  of  coelo mates,  of  which  the  lower 
members  are  inconspicuous  coelo  mates 
that  reveal  their  vertebrate  affinities 
only  after  minute  investigation.  Verte- 
brates are  highly  segmented  animals,  in 
which  condensation  of  segments  has  be- 
come an  important  factor,  resulting 
notably  in  the  formation  of  a compli- 
cated head,  and  of  kidneys  formed  by 
the  aggregation  of  many  nephridia. 
There  is  a well  - developed  internal  skele- 
ton, consisting  of  a skull  with  movable 
jaws,  a jointed  backbone  through  the 
arches  of  which  runs  the  spinal  cord, 
two  pairs  of  limbs  attached  to  pectoral 
and  pelvic  girdles.  The  central  nervous 
system  lies  along  the  dorsal  side  of  the 
body,  and  is  expanded  in  front  into  a brain 
lying  within  the  head  and  connected  with 
three  great  organs  of  sense  — the  nose, 
the  eyes,  and  the  ears.  The  vascular 
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system  consists  of  a closed  system  of  veins, 
arteries,  and  capillaries,  through  which 
the  blood  is  propelled  by  a ventrally- 
placed  c o n t r a c t i le  heart.  The  blood,  in 
addition  to  a m oe  b o i d corpuscles,  con- 
tains numerous  red  corpuscles  with  defi- 
nite outlines  and  c o n t a i n i n g h ai  m o g 1 o b i n . 
Associated  with  respiration  there  exists 
always,  either  in  the  adult  or  in  the 
embryo,  a series  of  paired  slits  leading 
from  the  side  of  the  neck  into  the  ali- 
mentary canal  behind  the  mouth.  The 
coelome  is  very  spacious,  and  the  genital 
glands  arise  as  paired  but  un  segmented 
patches  on  the  dorsal,  internal  ^vall  of 
the  c oe  1 o m e . 

The  type  common  to  the  lowest  members  of  the 
groups  of  which  the  earthworm  on  the  one  hand  and 
the  vertebrates  on  the  other  form  the  highest  examples, 
is  a simple  unsegmented  coelomate  animal,  bilaterally 
symmetrical,  with  a dorsal  and  ventral  surface  and 
anterior  end  at  which  lies  the  mouth,  a posterior  end 
where  is  the  anus.  The  lower  layer  of  the  skin  con- 
sists of  a continuous  sheath  of  nerve  cells  and  fibres, 
showing  a tendency  to  become  concentrated  at  the 
anterior  end  as  a brain  and  in  longitudinal  bands  along 
the  body.  These  are  ventral  in  the  earthworm,  dorsal 
and  tubular  in  the  vertebrate  group.  The  coelome  is 
spacious  and  contains  modified  patches,  which  give  rise 
to  the  sexual  cells.  The  excretory  organs  consist  of 
nephridia  arranged  in  one  or  more  pairs,  and  open  into 
the  coelome  by  ciliated  funnels. 


CHAPTER  XVI 


THE  DOG-FISH 


HE  dog-fish,  with  sharks  and  skates,  belongs  to  a 


group  of  powerful,  predacious,  active  fishes,  known 
as  Elasmobranchs.  One  of  their  leading  characters  is 
that  the  skeleton  is  composed  of  cartilage,  strengthened 
in  parts  by  a gritty  deposit  of  lime,  but  not  turned  into 
true  bone.  Typically  they  are  inhabitants  of  salt  water, 
but  many  of  them,  in  pursuit  of  prey,  enter  brackish 
estuaries  or  rivers  for  some  distance.  The  dog-fish  found 
round  our  coasts  belong  to  several  species  and  genera. 
Scyllium  canicula^  the  larger  spotted  dog-fish,  and  Scyl- 
lium  Catullus^  the  lesser  spotted  dog-fish,  are  distinguished 
by  the  absence  of  a nictitating  membrane,  by  the  small 
size  of  their  teeth,  of  which  several  rows  are  in  use  at  the 
same  time,  each  tooth  having  a long  middle  cusp  and 
several  small  lateral  cusps.  ' Acanthias  vulgaris,  the  spiny 
dog-fish,  is  at  once  recognisable  by  the  strong  spine  or 
thorn  at  each  dorsal  fin.  The  teeth  are  small,  and  their 
points  are  curiously  turned  aside,  so  that  the  inner  margin 
forms  the  cutting  edge.  Mustclus  vulgaris,  the  common 
smooth-hound,  has  a nictitating  membrane  ; the  teeth  are 
small,  very  numerous,  and  closely  packed  together,  form- 
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ing  a sort  of  pavement,  which  is  used  for  crushing  rather 
than  for  biting. 

They  arc  great  enemies  of  fishermen,  not  only  de- 
stroying quantities  of  young  fish,  but  lacerating  and 
damaging  edible  fish  which  have  been  caught  in  the 
lines  or  entangled  in  the  meshes  of  the  nets.  They 
are  themselves  nearly  useless  as  food,  their  flesh,  like 
that  of  many  carnivorous  animals,  being  excessively  tough 
and  of  strong,  disagreeable  flavour.  The  sexes  are  sepa- 
rate, and,  as  will  be  described,  the  males  and  females 
can  be  distinguished  by  external  characters.  The  eggs 
are  large,  and  are  impregnated  within  the  body  of  the 
female.  In  ScylHum  they  are  laid  shortly  after  impregna- 
tion, enclosed  in  a horny  capsule  the  angles  of  which  are 
produced  into  long  spirally  twisted  processes  which  serve 
to  anchor  them  to  seaweed  or  stones.  In  some  other 
dog-fish,  as  in  Mustdus^  the  eggs  are  retained  within  the 
body  of  the  mother  until  the  adult  shape  has  been 
reached,  and  the  young  embryo  is  nourished  from  the 
blood  of  the  mother  by  means  of  a tuft  of  blood-vessels 
not  dissimilar  to  the  placenta  of  mammals.  The  eggs 
of  these  dog-fishes  contain  little  food-yolk  ; the  eggs  of 
others  contain  so  much  that  the  young  dog-fish,  even 
when  it  has  escaped  from  the  capsule  and  swims  about 
upon  its  own  account,  carries  the  remains  of  the  yolk 
in  a small  sac  attached  by  a short  stalk  to  the  ventral 
wall  of  the  abdomen. 

The  following  description  applies  specially  to  Scylliuin 
canicnla^  the  most  common  dog-fish,  but  except  in  ex- 
ternal characters  it  will  serve  equally  well  for  the  piked 
dog-fish  or  for  the  smooth  hound. 

Dog-fish  about  two  feet  long  are  most  convenient  for 
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I'his  should  be  done  upon  a wooden  board 
The  characters  of  the  skeleton 


a . 

V dissection. 

with  a small  raised  rim. 

^ c»should  be  examined  on  a specimen  prepared  by  immersing 
< ' a fresh  fish  in  nearly  boiling  water  for  a few  minutes, 

and  then  scraping  or  brushing  the  soft  parts  away.  This 
skeleton  must  be  kept  in  spirit,  as,  if  allowed  to  dry,  it 
becomes  hopelessly  distorted. 

External  Characters.  — The  body  is  elongated,  and 
bilaterally  symmetrical.  It  is  broadest  about  the  level 
of  the  pectoral  fins,  where  it  is  flattened  dorso-ventrally, 
and  ends  in  front  in  a rounded  blunt  snout.  The  hinder 
part  is  compressed  laterally,  and  tapers  to  the  end  of  the 
long  slender  tail,  the  last  two  or  three  inches  of  which 
are  bent  up  at  an  angle.  The  general  colour  is  a pale 
grey,  spotted  on  the  sides  and  back  with  black  and  brown, 
and  lighter  on  the  ventral  surface.  Along  each  side  runs 
a shallow  groove,  the  lateral  line,  and  on  the  head  are 
a number  of  minute  openings  arranged  symmetrically. 
These  lead  into  branching  tubes,  from  which  mucus  can 
be  pressed  out,  and  which,  like  the  lateral  line,  contain 
sensory  organs. 

There  are  two  sets  of  fins,  each  consisting  of  flattened 
outgrowths  supported  by  an  internal  cartilaginous 
skeleton.  The  median  or  unpaired  fins  consist  of — (i) 
Dorsal  fins,  a large  anterior  fin  about  the  middle  of  the 
length  of  the  body,  and  a small  posterior  fin  some 
distance  behind.  (2)  A ventral  fin,  opposite  the  interval 
between  the  dorsals.  (3)  A caudal  fin,  forming  a fringe 
round  the  tail,  cut  off  sharply  at  the  tip,  and  on  the 
ventral  side  divided  into  a small  posterior  and  a large 
anterior  lobe.  These  caudal  fins  give  the  tail  of  elasmo- 
branch  fishes  a characteristic  shape  known  as  heterocercal. 
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and  notably  different  from  the  tail  of  bony  fishes  like  the 
herring  or  salmon,  in  which  the  tail  fin  is  symmetrical 
above  and  below  the  middle  line. 

The  paired  fins  correspond  to  the  fore  and  hind  limbs 
of  higher  animals.  Those  of  the  pectoral  pair  project 
out  from  the  ventral  side  of  the  body  behind  the  head. 
The  pelvic  fins  are  much  smaller,  and  are  placed  on  the 
ventral  side  of  the  body  some  distance  behind  the  front 
pair.  Their  inner  borders  are  close  together,  and  are 
fused  in  males.  In  the  males,  also,  close  to  the  pelvic 
fins,  and  developed  from  their  inner  borders,  are  a pair  of 
stout  rounded  processes,  pointed  at  the  ends  and  pro- 
jecting backwards.  These  are  copulating  organs,  called 
claspers,  and  along  their  inner  dorsal  edge  a deep 
groov^e  runs  into  a blind  sac  under  the  skin  of  the 
ventral  surface. 

The  tail  fin  is  the  chief  organ  of  locomotion  in  fishes. 
The  median  fins  serve  chiefly  to  preserve  the  balance  of 
the  fish  ; the  paired  fins  assist  in  balancing,  and  are  used 
also  to  turn  and  guide  the  motions  of  the  fish. 

External  Apertures. — The  mouth  is  a large,  curved  slit 
extending  across  the  ventral  side  of  the  body  a short 
distance  from  the  anterior  end.  The  cloacal  aperture  is 
also  median,  and  lies  on  the  ventral  side  between  the 
pelvic  fins.  It  is  the  external  opening  of  a small  chamber, 
tlie  cloaca,  into  which  open  the  intestine,  the  ducts  of 
the  kidneys  and  of  the  genital  organs. 

The  nostrils  are  a pair  of  large  circular  apertures  on 
the  ventral  side  of  the  head  in  front  of  the  mouth,  and 
connected  with  that  by  wide  grooves  covered  by  flaps  of 
skin. 

The  spiracles  are  a smaller  pair  of  apertures  on  the 
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dorsal  side  of  the  head  just  behind  the  eyes  ; they  open 
into  the  cavity  of  the  mouth. 

The  gill-slits  are  a set  of  five  vertical  slits  on  each  side 
of  the  neck,  beginning  immediately  below  and  behind 
the  spiracle,  which  itself  is  in  reality  an  anterior  gill-slit. 
Each  gill-slit  communicates  with  the  pharynx  immedi- 
ately behind  the  mouth-cavity,  and  during  life  water 
taken  in  by  the  mouth  is  passed  out  through  the  gill- 
slits. 

The  abdominal  pores  are  a pair  of  minute  apertures, 
lying  one  on  each  side  of  the  cloaca.  They  open  into  the 
coelome. 

The  Scales  and  Teeth. — The  whole  external  surface  of 
the  body  is  covered  by  small,  sharp-pointed  scales,  which 
may  be  felt  by  passing  the  finger  from  behind  forwards 
along  the  surface.  Where  the  skin  bends  over  to  form 
the  lining  cavity  of  the  mouth  the  scales  covering  the 
jaws  are  much  enlarged  to  form  teeth.  The  spines  of  the 
piked  dog-fish  are  enlarged  scales.  A small  piece  of  the 
skin  of  the  common  dog-fish  should  be  boiled  in  caustic 
potash  solution  to  dissolve  away  the  fleshy  matter  and 
isolate  the  scales.  These,  examined  under  the  microscope 
in  glycerine,  may  be  seen  to  consist  of  a four-lobed  bony 
base  which  was  embedded  in  the  skin,  and  a backwardly- 
directed  bony  spine,  tipped  with  enamel. 

The  Skeleton. — As  the  skeletons  of  all  vertebrates  are 
built  upon  the  same  ground-plan,  and  as  the  skeleton  of 
the  dog-fish  exhibits  a comparatively  simple  condition  of 
this,  it  is  of  great  importance  to  grasp  the  general  features. 
Even  in  a soft-bodied  animal  like  the  earth-worm  there  is 
present  a considerable  amount  of  connective  tissue,  form- 
ing partitions  and  supporting-membranes  between  the 
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muscle-layers  and  muscle-bundles.  Such  a tissue  is  really 
in  function  skeletal,  or  supporting  ; and  very  early  in  the 
development  of  all  vertebrates  a considerable  amount  of 
skeletal  tissue  appears  in  the  shape  of  connective-tissue 
cells,  which  migrate  in  between  the  organs  and  layers  and 
form  a general  supporting  framework.  But  in  the  case 
of  the  vertebrates  the  name  skeleton  is  specially  asso- 
ciated with  supporting  structures  developed  in  connection 
with  the  special  features  of  vertebrate  structure.  These 
are,  first,  the  skull,  which  suj)ports  and  surrounds  the 
brain  ; second,  the  vertebral  column,  or  backbone,  which 
lies  immediately  under  the  spinal  cord  or  dorsal  nervous 
tube  ; third,  the  visceral  arches,  which  support  the  gill- 
slits  ; fourth,  the  skeleton  of  the  front  and  hind  pairs  of 
limbs.  But  in  addition  to  this  specialisation  of  skeletal 
tissue  in  these  different  places,  changes  in  the  nature 
of  the  skeletal  tissue  occur.  The  connective  tissue 
may  be  replaced  by  cartilage,  and  the  cartilage  may  be 
strengthened  by  the  deposition  of  calcareous  particles. 
The  skeleton  of  the  dog-fish  does  not  get  be^'ond  this 
condition,  but  in  higher  animals  the  cartilage  may  be 
replaced  by  true  bone.  True  bone  ma}'  also  be  formed 
directly,  in  connective-tissue  membranes,  as  happens  in 
the  case  of  the  bony  plates  which  form  the  bases  of  the 
scales  and  teeth  of  the  dog-fish.  Bony  structures  which 
are  first  laid  down  in  cartilage  are  called  cartilage  bones, 
and  most  of  the  bones  of  higher  animals  are  instances  of 
this  mode  of  formation.  Bones  which  are  laid  down 
directly  in  membrane  arc  called  membrane  bones,  and 
these  form  a much  smaller  part  of  the  skeleton  of  higher 
animals. 

The  Vertebral  Column  or  Backbone. — In  a dog-fish 
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embryo  there  is  formed  from  the  dorsal  wall  of  the 
alimentary  canal  a long  gelatinous  rod  which  lies 
between  the  alimentary  canal  and  the  nervous  system, 
extending  from  below  the  hind-part  of  the  brain  to  the 
posterior  end  of  the  body.  This  rod  is  the  noto- 
chord, and  is  the  foundation  of  the  backbone 
in  all  vertebrates  and  the  only  represen tati\'e 
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Fio.  46. — Longitudinal  vertical  section  of  three  stages  of  develop- 
ment of  Vertebras  from  the  cartilaginous  sheath  of  the  Notochord. 
Cartilage,  dotted  ; chord,  black.  I.  Continuous  sheath,  chord  un- 
constricted. II.  Sheath  segmentally  thickened,  notochord  constricted. 
III.  Further  stage  ; the  segmental  thickenings  have  nearly  met  to  form 
biconcave  vertebra?. 


of  the  backbone  in  the  members  of  the  verte- 
brate group  lower  than  fishes.  In  the  dog-fish 
and  all  higher  animals,  the  notochord  very  quickly  is 
surrounded  by  a sheath  of  wandering,  skeleton-forming 
cells,  such  as  form  the  whole  skeleton  in  simpler  animals, 
and  it  is  from  this  sheath  that  the  actual  backbone  is 
formed  by  a series  of  segmentally-arranged  thickenings 
(Fig.  46).  In  the  dog-fish  the  sheath  of  the  notochord 
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is  cartilaginous,  and  its  anterior  part  gives  rise  to  the 
posterior  part  of  the  skull,  while  in  the  body  it  becomes 
divided  transversely  into  segments  which  are  the  centra, 
or  bodies  of  the  vertebroe.  Above  the  centra,  neural 
arches  grow  and  surround  and  protect  the  nervous  tube, 

while  below  them  haemal  arches 
and  ribs  partly  enclose  the  body- 
cavity. 

By  this  process  of  segmentation 
the  backbone,  consisting  of  a series 
of  vertebrre,  is  formed.  The 


CEN- 


Fig.  47. — Diagram  of 
Caudal  Vertebra.  Noto- 
cliord,  black ; cartilage, 
dotted.  CEN.  Centrum. 
D.  Dorsal  arch,  contain- 
ing N.  spinal  cord.  H. 
llcemal  arch, 

C.  ccelome. 


containing 


simplest  vertebrae  are  seen  in  the 
tail  (Fig.  47).  Each  consists  of 
a centrum,  through  which  runs 
the  notochord,  a dorsal  arch,  with 
a dorsal  spine  above,  forming  the 
neural  canal  through  which  runs 
the  nerve  tube,  and  a ventral  or 
haemal  arch,  also  with  a spine,  en- 
closing the  body  cavity,  which  in 
the  region  of  the  tail  is  minute. 
Further  forward  in  the  body  the 
luemal  arches  are  not  comjdete  ; 
the  processes  which  in  the  tail 
meet  to  form  these  arches  stand 
out  at  right-angles  to  the  line  of 


the  backbone  and  are  termed 
transverse  processes.  To  the  end  of  each  transverse 
process  a short  cartilaginous  rib  is  attached. 

To  understand  the  structure  of  the  backbone  it  is 
necessary  to  cut  transverse,  longitudinal,  and  horizontal 
sections  through  various  parts  of  it.  It  will  then  be  seen 
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that  the  notochord  runs  continuously  through  the  whole 
column,  but  that  it  is  much  constricted  where  it  passes 
through  the  middle  of  the  centra,  and  expanded  between 
the  centra.  Thus,  if  the  column  be  cut  through  between 
two  vertebrae,  the  soft  notochord  may  easily  be  brushed 
out  from  the  cut  ends,  and  it  then  appears  that  the  ends 
of  the  cartilaginous  vertebrae  are  deeply  hollowed  out 
where  they  meet  each  other.  Such  vertebrae  are  known 
as  biconcave,  and  examples  of  them  are  familiar  to  us  all 
in  the  backbones  of  common  bony  fish  like  herrings  or 
salmon.  The  successive  centra  are  united  to  each  other 
by  intervertebral  discs  of  connective  tissue.  The  whole 
of  the  cartilage  of  the  centra  is  hardened  by  deposits  of 
lime,  but  the  deposit  is  denser  towards  the  inside.  In 
many  cartilaginous  fish  the  highly-calcified  portions  of 
the  centra  form,  in  transverse  section,  a regular,  usually 
X-shaped,  pattern. 

The  neural  arches  (Fig.  48)  are  complicated.  Their 
bases  are  formed  by  the  neural  processes,  blunt  pieces 
projecting  from  the  centra  at  each  side.  Firmly  attached 
to  each  neural  process  is  a vertebral  neural  plate,  con- 
siderably narrower  than  the  neural  process  and  the 
centrum,  and  notched  at  its  posterior  border  for  the 
passage  of  the  ventral  root  of  the  spinal  nerve  (Fig.  48.  c). 
The  arches  are  completed  above  by  short  neural  spines 
(Fig.  48.  //).  But  these  are  not  ar  ranged  so  as  to  give  one  for 
each  centrum,  but,  with  the  exception  of  occasional  irregu- 
larities, there  are  two  spines  for  each  centrum,  and  these 
meet  each  other  opposite  the  middle  of  the  centrum. 
Finally,  there  are  irregular  hexagonal  plates,  the  inter- 
vertebral neural  plates  (Fig.  48  /),  wedged  in  between 
the  vertebral  neural  plates  opposite  the  intervertebral 
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intervals.  The  posterior  border  of  each  is  notched  for  the 
dorsal  roots  of  the  spinal  nerves  (Fig.  48  h). 

The  skull  of  the  dogfish  remains  cartilaginous  through- 
out life.  It  is  a shallow  oblong  bo.x  deeply  scooped  at  the 
sides  where  the  eyes  are  lodged,  open  behind,  where'  the 


Fig.  48. — Lateral  view  of  Skull  of  Dog-fish.  N.C.  Nasal  capsule. 
A.C.  Auditory  capsule,  a.  Orbital  grooves  lodging  ophthalmic  branches 
of  fifth  and  seventh  nerves.  h.  Inter-orbital  canal.  c.  Post-orbital 
groove,  f.  Inter-vertebral  neural  plate,  k.  Neural  spine.  1.  Centrum 
with  vertebral  neural  plate  above  it.  d.  Pharyngo-brancliial.  m.  Extra- 
branchial.  n.  Epiluanchial.  0.  Ceratobranchial.  p.  1 lyomandibular. 
r.  Cerato-hyal.  s.  Prespiracular  ligament,  t,  Ujiperjaw.  u.  Lower 
jaw.  X.  Ethmopalatinc  ligament.  Nerve  Foramina.  II.  Optic. 
III.  Third  nerve.  IV.  Fourth  nerve.  V.  lUain  branches  of  fifth  and 
seventh,  and  the 'sixth  nerve.  V".  Ophthalmic  branch  of  fifth  nerve. 
VII".  Ophthalmic  branch  of  seventh.  IX  Ninth  nerve,  e.  Ventral 
root  of  spinal  nerve,  li.  Dorsal  root. 


brain  passes  into  the  spinal  cord,  incomplete  and  roofed 
over  only  by  the  outei'  skin  in  two  regions  above.  The 
cartilaginous  capsules  containing  the  nasal  organs  arc 
wedged  into  it  at  each  side  in  front,  and  the  similar  cap- 
sules containing  the  organs  of  hearing  are  wedged  in  at 
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each  side  behind.  It  articulates  with  the  vertebral 
column  behind,  and  the  jaws  and  gill-arches  are  sus- 
pended below  it. 

The  ventral  surface  of  the  skull  is  formed  of  a long  flat 
unsegmented  plate  of  cartilage  called  the  basi-cranium. 
The  notochord  lies  embedded  in  the  posterior  part  of  this. 
On  each  side  of  it  there  project  backwards  two  rounded 
occipetal  condyles  which  articulate  with  the  centrum  of 
the  anterior  vertebra.  In  front,  the  basi-cranium  termi- 
nates in  a narrow  pointed  bar  of  cartilage  lying  between 
the  olfactory  capsules. 

The  dorsal  surface  of  the  skull  shows  in  front  the  thin- 
walled  roofs  of  the  olfactory  capsules.  These  are  separated 
by  the  internasal  septum,  a thin  wall  of  cartilage.  The 
apertures  of  the  nasal  capsules  are  on  the  ventral  surface, 
but  are  partly  filled  by  a number  of  slender  nasal  carti- 
lages. From  each  olfactory  capsule  a bar  of  cartilage 
runs  forwards,  downwards,  and  inwards,  until  the  two 
meet  at  a point  with  the  anterior  end  of  the  base  of  the 
skull.  This  three-legged  projecting  piece  of  the  skull 
is  termed  the  rostrum.  Behind  the  rostrum  and  partly 
between  the  nasal  capsules  is  the  anterior  fontanelle. 
This  is  an  incomplete  portion  of  the  roof  of  the  cartila- 
ginous brain-box.  During  life  it  is  closed  by  a delicate 
connective  tissue  roof  to  which  the  pineal  body  is  attached, 
and  which  is  protected  outside  only  by  the  outer  skin. 
Behind  the  nasal  capsules  the  sides  of  the  roof  extend 
as  thickened  ridges,  the  supra-orbital  crests,  which  over- 
hang the  orbits  like  eaves.  On  .the  roof  of  the  skull, 
behind  and  to  the  outer  side  of  the  anterior  fontanelle, 
are  a pair  of  small  apertures,  the  foramina  for  the  oph- 
thalmic nerves.  Through  them  pass  branches  of  the  fifth 
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and  seventh  nerves  in  their  course  from  the  orbit  to 
be  distributed  to  the  surface  of  the  olfactory  capsules. 
Behind  the  anterior  fontanelle  the  surface  of  the  skull 
widens  rather  suddenly  in  the  region  of  the  auditory  cap- 
sules. Between  these  is  a depression  in  which  there  lie 
two  small  apertures,  each  of  which  is  the  entrance  to  a 
canal,  the  aqueductus  vestibuli,  leading  into  the  internal 
ear. 

Between  the  nasal  and  auditory  capsules  the  side  of  the 
skull  is  occupied  by  the  orbit,  a large  oval  concavity  in 
which  lies  the  eyeball  and  its  muscles,  and  a large  orbital 
blood  sinus.  The  orbito-nasal  foramen  is  a small  round 
hole  just  within  the  orbit  at  its  anterior  inferior  angle  ; 
through  it  the  veins  of  the  forepart  of  the  head  and  of  the 
snout  pass  to  the  orbital  sinus. 

The  aperture  of  the  inter-orbital  canal  is  a small  round 
hole,  the  nearest  to  the  lower  border  of  several  lying  in 
the  posterior  part  of  the  orbit.  The  canal  passes  through 
the  base  of  the  skull  and  by  means  of  it  the  orbital  sinuses 
of  the  two  sides  are  in  communication.  From  the  hinder 
end  of  the  orbit  a deep  post-orbital  groove  passes  back 
near  the  lower  margin  of  the  skull.  It  lodges  a large 
venous  sinus  through  which  the  blood  from  the  orbital 
sinus  passes  to  the  anterior  cardinal  sinus.  Under  this 
groove  is  a large  concave  depression,  the  articular  surface 
for  the  hyomandibular  cartilage. 

To  see  the  posterior  face  of  the  skull  it  must  be  dis- 
articulated from  the  vertebral  column.  The  foramen 
magnum  is  the  large  round  hole  by  which  the  brain  com- 
municates with  the  spinal  cord.  Below  it,  in  the  middle 
line,  lies  the  notochord,  and  on  each  side  of  this  lie  the 
occipital  condyles,  two  rounded  prominences  which  articu- 
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late  with  the  first  vertebra.  The  posterior  face  of  the 
skull  corresponds  to  a vertebra  : the  lower  part  containing 
the  notochord  and  bearing  the  condyles,  represents  the 
centrum  ; the  ring  of  cartilage  surrounding  the  foramen 
magnum  represents  the  neural  arch. 

During  the  development  of  the  skull,  holes  are  left  in 
the  cartilage  through  which  the  cranial  nerves  pass  out 
from  the  brain.  The  position  of  these  nerve  foramina  is 
important,  and  should  be  studied  both  in  the  prepared 
skull  and  in  connection  with  the  dissection  of  the  nerves. 
They  are  paired,  and  those  of  one  side  only  arc  described. 

I.  The  foramen  of  the  olfactory  nerve  is  a large  aper- 
ture in  the  posterior  wall  of  the  nasal  capsule,  which, 
during  life,  is  closed  by  a fenestrated  membrane. 

II.  The  foramen  for  the  optic  nerve  is  the  most  anterior 
of  the  large  holes  in  the  hinder  part  of  the  orbit.  It  lies 
near  the  lower  border,  almost  exactly  in  the  middle  of 
the  orbit. 

III.  The  foramen  for  the  third  nerve  is  a small  hole  in 
the  orbit  a little  above  the  optic  foramen,  and  hall  way 
between  it  and  the  posterior  end  of  the  orbit. 

IV.  The  foramen  for  the  fourth  nerve  is  a small  hole 
near  the  dorsal  edge  of  the  orbit  almost  vertically  above 
the  optic  foramen. 

V. ,  VI  , and  VII,  The  foramen  for  the  principal 
branches  of  the  fifth  and  seventh  nerves,  and  for  the 
sixth  nerve,  is  a large  hole  in  line  with  the  optic  foramen, 
near  the  posterior  edge  of  the  orbit.  The  ophthalmic 
branches  of  the  fifth  and  seventh  nerves  leav'e  the  skull 
by  separate  holes  ; two  grooves  run  along  the  upper  part 
of  the  orbit  ; the  lower  groove  ends  behind  in  a small  hole 
which  is  the  foramen  for  the  ophthalmic  branch  of  the  fifth 
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nerve  ; the  upper  groove  similarly  ends  in  the  foramen 
for  the  ophthalmic  branch  of  the  seventh.  These  grooves 
meet  in  front  and  terminate  in  a hole  by  which  the  oph- 
thalmic branches  leave  the  orbit  to  emerge  upon  the 
surface  of  the  skull. 

VIII.  The  auditory  nerve  enters  the  auditory  capsule 
through  a hole  in  its  inner  wall. 

IX.  The  foramen  for  the  glossopharyngeal  nerve  is  at 
the  hinder  end  of  the  post-orbital  groove. 

X.  The  foramen  for  the  pneumogastric  or  vagus  nerve 
is  at  the  side  of  the  foramen  magnum,  below  and  to  the 
inner  side  of  the  posterior  end  of  the  auditory  capsule. 

THE  VISCr:RAL  ARCHES. 

In  the  embryo  dog-fish,  soon  after  the  gill-slits  have 
been  formed,  a series  of  cartilaginous  hoops  or  arches 
encircling  the  ventral  side  appears  between  them  and  gives 
rise  to  the  jaws,  and  to  the  hyoid  and  branchial  arches. 
The  first  arch  gives  rise  to  the  lower  jaw,  from  which  the 
upper  jaw  is  an  outgrowth.  In  front  of  this  is  the  mouth, 
behind  it  the  two  spiracles.  The  second  arch  forms  the 
hyoid,  behind  which  is  the  first  gill-cleft,  d'hen  follow 
five  branchial  arches  with  the  remaining  four  gill-clefts 
between  them,  so  that  each  gill-slit  has  an  arch  in  front 
and  behind. 

The  first,  or  mandibular  arch,  is  greatly  modified  in  the 
adult  condition.  The  upper  part  of  the  arch  at  each  side 
is  represented  by  the  prespiractilar  ligament,  a strong 
fibrous  band  containing  a nodule  of  cartilage.  This  band 
is  attached  above  to  the  anterior  border  of  the  auditory 
capsule,  and  below  to  a ligament  uniting  the  angles  of  the 
upper  and  lower  jaws  to  the  hyomandibular  bar.  The 
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lower  parts  of  the  first  bar  are  represented  by  two  flattened 
bars  of  cartilage  which  are  united  by  ligament  in  front 
and  form  the  lower  jaw,  which,  for  the  greater  part  of  its 
dorsal  border,  bears  teeth.  The  upper  jaw  is  formed  of 
two  similar  curved  bars  which  are  united  by  ligament  to 
each  other  in  front,  and  which  are-  firmly  attached  by 
ligaments  to  the  front  part  of  the  base  of  the  skull 
betwen  the  orbits  and  the  nasal  capsules.  The  posterior 
ends  of  the  upper  jaw  are  attached  by  ligament  to 
the  lower  jaw  and  to  the  hyomandibular  arch.  The 
upper  and  lower  jaws  move  on  each  other  by  rounded 
articular  surfaces.  The  greater  part  of  the  lower  border 
of  the  upper  jaw  bears  teeth.  The  second,  or  hyoidean 
arch,  consists  of  a pair  of  rods  united  to  the  skull  above, 
and  with  their  ventral  ends  connected  by  a median  plate 
of  cartilage.  The  upper  end  of  each  side  consists  of  a 
stout  bar  of  cartilage,  the  hyomandibular,  which  articulates 
with  a concave  surface  on  the  side  of  the  skull  near  the 
hinder  end  and  immediately  below  the  post-orbital  groove. 
This  bar  is  called  the  suspensorium,  because  it  is  the  chief 
means  by  which  the  jaws  are  attached  to  the  skull.  The 
outer  end  of  the  hyomandibular  articulates  with  the 
second  part  of  the  arch,  the  ceratohyal.  This  is  a slender 
bar  of  cartilage  running  forwards  and  inwards  on  the  floor 
of  the  mouth.  The  posterior  faces  of  these  two  parts  of 
the  second  arch  bear  gill-rays,  cartilaginous  bars  which 
support  the  gills.  The  basi-hyal  is  a broad  ventral  plate 
of  cartilage  which  projects  forwards  on  the  floor  of  the 
mouth  and  connects  the  inner  and  lower  ends  of  the 
cerato-hyals. 

The  five  succeeding  branchial  arches  diminish  in  size 
from  before  backwards.  Each  is  divitled  into  four  seg- 
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ineiits  at  each  side.  The  pharyngobranchials  form  the 
dorsal  elements.  The  anterior  three  are  connected  by 
ligaments  with  their  fellows  of  the  other  side.  The 
posterior  two  of  each  side  are  small  and  are  fused.  The 
epibranchials  come  next,  and  form  the  outermost  pieces 
of  the  arches.  The  ceratobranchials  form  the  greater 
portion  of  the  arches  on  the  ventral  surface.  The  hypo- 
branchials,  which  are  turned  forwards  and  connected  with 
the  hyoid  in  the  first  arch  and  are  absent  in  the  last,  form 
the  ventral  ends  of  the  arches. 

The  basibranchial  is  a median  plate  in  the  posterior 
part  of  the  ventral  floor  of  the  pharynx,  connected  with 
the  hypobranchials  of  the  third  and  fourth  arches,  and 
with  the  ceratobranchials  of  the  fifth. 

Gill-rays  are  borne  by  the  ceratobranchials,  and  by  all 
but  the  hindmost  epibranchials. 

The  exact  shape  and  modes  of  fusion  of  the  different 
branchial  elements  in  the  dog-fish  are  of  no  importance 
unless  one  is  studying  the  anatomy  of  a number  of  dif- 
ferent fishes.  For  while  the  elements  of  the  branchial 
arches  are  similar  in  most  fishes,  the  details  of  arrange- 
ment and  shape  differ  widely. 

The  extra-branchials  are  three  pairs  of  curved  rods 
lying  outside  the  third,  fourth,  and  fifth  branchial  arches. 

SKHLliTOX  OF  THE  FINS. 

The  pectoral  girdle  is  a flattened  hoop  of  cartilage  lying- 
on  the  ventral  surface  immediately  under  the  heart,  its 
anterior  dorsal  surface  being  hollowed  out  to  receive  the 
ventricle.  The  outer  border  of  each  side  bears  three 
articular  facets  closely  set  together,  to  which  the  carti- 
lages of  the  fin  are  attached.  These  articular  surfaces 
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divide  the  girdle  into  a median  ventral  portion,  which 
may  be  called  the  coracoid,  and  upper  free  ends  which 
extend  towards  the  backbone  but  do  not  meet  it,  and 
which  may  be  called  the  scapular  portions. 

The  skeleton  of  the  fin  consists  of  three  basal  cartilages 
articulating  with  the  girdle,  and  a number  of  closely-set 


Fig.  49. — Pectoral  and  Pelvic  Girdles  of  Dog-fish  with  Fins ; 
Cartilage  dotted.  Pectoral  Girdle  : S.  Scapular  region.  C.  Coracoid 
regions  united  ventrally.  A.  Acetabulum.  B.  Three  basal  cartilages. 
F.  Fin.  Pelvic  Girdle  : IL.  Iliac  region.  I.  P.  Ischiopubic  regions 
united  ventrally.  A.  Acetabulum.  B.  Basal  cartilage.  CL.  Claspcrs. 
F.  F.  Fins. 

cartilaginous  fin-rays  radiating  out  from  the  ends  of  the 
basal  cartilages. 

The  pelvic  girdle  is  much  smaller  than  the  pectoral 
girdle,  and  is  placed  a short  distance  in  front  of  the  cloaca. 
It  is  divided  into  upper  and  lower  regions  by  the  articular 
surface  for  the  fins.  The  upper  or  iliac  portions  are  ex- 
cessively short,  and  have  hardly  any  curve  upwards.  The 
ventral  or  ischio-pubic  portions,  like  the  coracoid  regions 
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of  the  anterior  girdle,  are  fused  together  in  the  middle 
line. 

The  skeleton  of  the  pelvic  fins  consists  of  a stout 
curved  basal  rod  articulating  with  the  girdle  at  one  end 
and  lying  on  the  inner  edge  of  the  fin.  On  its  outer 
surface  it  bears  a number  of  cartilaginous  fin-rays,  the 
anterior  one  or  two  of  which  may  articulate  directly  with 
the  pelvic  girdle. 

In  the  male  a stout  jointed  rod  of  cartilage,  the  skeleton 
of  the  clasper,  articulates  with  the  posterior  end  of  the 
basal  rod  of  each  fin. 

DISSECTION  OK  THE  \TSCEKA. 

The  dog-fish  must  be  laid  on  its  back  on  a dissecting 
board,  and  pinned  down  through  the  fins.  The  pectoral 
and  pelvic  girdles  can  be  felt  through  the  skin,  each 
girdle  being  situated  a short  distance  in  front  of  the  pair 
of  fins  attached  to  it.  The  abdominal  cavity  must  be 
opened  by  a median  ventral  incision  through  the  skin 
and  underlying  muscles,  reaching  from  behind  the 
pectoral  girdle  to  the  pelvic  girdle.  Incisions  at  right 
angles  to  the  first  cut  must  be  made  as  close  as  possible 
to  the  posterior  margin  of  the  pectoral  girdle,  and  the 
flaps  so  formed  must  be  pinned  back  so  as  to  c.xpose  the 
cavity  widely.  The  pelvic  girdle  must  be  cut  through 
in  the  middle  line,  and  the  incision  continued,  a little  to 
the  right  of  the  middle  line,  to  the  level  of  the  cloacal 
aperture.  This  is  the  most  convenient  method  of  dis- 
secting the  dog-fish,  but  if  the  student  has  opportunity  it 
is  useful  to  dissect  a second  fish  from  the  right  or  left  side. 

The  abdominal  cavity,  in  which  are  contained  the 
greater  part  of  the  viscera,  is  the  chief  division  of  the 


THE  DOG-FISH 


193 


coelome  in  the  adult,  and  the  only  part  in  the  posterior 
division  of  the  body.  In  front,  the  coelome  is  represented 
by  the  pericardium,  which  contains  the  heart,  and  the 
two  parts  of  the  coelome  communicate  by  a small  median 
pericardio-coelomic  canal.  Posteriorly,  the  body  cavity 
usually  communicates  with  the  exterior  by  the  small 
abdominal  pores,  but  these  occasionally  are  blind  sacs, 
and  are  not  known  to  be  of  any  physiological  importance. 
The  coelome,  then,  is  practically  a closed  cavity,  and  unlike 
the  body-cavity  of  the  worm,  contains  only  a very  small 
quantity  of  serous  fluid,  devoid  of  corpuscles.  The  cavity 
is  lined  internally  by  the  peritoneum,  a smooth  glistening 
membrane.  The  viscera  in  reality  are  outside  the  peri- 
toneum ; they  bulge  into  it,  as  a man  leaning  against  the 
outside  of  a tent  bulges  into  the  interior  of  the  tent, 
pushing  the  canvas  wall  before  him.  In  the  case  of  the 
coelome,  however,  the  bulging  goes  on  so  far  that  the 
folds  of  the  peritoneum  in  which  the  organs  lie  meet 
above  the  organs.  Viewed  from  the  inside  therefore, 
when  one  has  opened  the  cavity  as  directed,  the  organs 
seem  suspended  in  the  coelome  by  delicate  folds.  These 
folds  form  the  mesentery  which  is  naturally  double  as  it 
is  formed  by  the  applied  walls  of  the  peritoneum  meeting 
above  the  inpushed  organs.  The  blood-vessels  also  lie 
outside  the  coelome,  and  their  branches  to  the  organs  run 
down  between  the  walls  which  form  the  mesentery.  The 
peritoneum  is  very  thin  and  transparent,  and  cannot  be 
seen  over  many  of  the  organs,  except  in  microscopic  pre- 
parations, while  over  the  genital  organs  and  kidneys  it 
cannot  be  traced  as  a separate  layer,  as  a large  part  of 
these,  as  in  the  case  of  the  earthworm,  is  formed  from  the 
coelomic  wall  itself. 


194 


OUTLINES  OF  BIOLOGY 


The  alimentary  canal  is  a tube  nearly  straight  from  the 
mouth  to  the  anus.  The  mouth  and  pharynx  will  be 
considered  later.  The  oesophagus  is  a wide  tube  which 
enters  the  abdominal  cavity  at  the  anterior  end,  and  is 
suspended  in  it  by  the  mesentery  which  is  incomplete  at 
intervals. 

The  anterior  end  passes  at  once  into  the  wider  U 
shaped  stomach,  which  is  partly  concealed  by  the  large 
brown  liver.  The  proximal  limb  of  the  stomach,  into 
which  the  oesophagus  opens,  passes  nearly  to  the  posterior 
end  of  the  abdomen,  and  then  bends  round  sharply  to 
form  the  shorter,  narrower,  distal  limb  which  runs  for- 
wards and  narrows  till  it  passes  into  the  intestine,  from 
which  it  is  separated  by  a pyloric  thickening.  The 
intestine  runs  straight  back  to  the  cloaca.  The  middle 
and  longest  part  of  the  intestine  is  very  wide  and  is 
marked  spirall}^  by  blood-vessels  which  correspond  to  the 
line  of  attachment  of  the  spiral  valve,  an  internal  fold. 
The  posterior  end  is  narrower  and  is  called  the  rectum. 
The  intestine  should  be  slit  open  along  its  length  and 
washed  out.  ddie  spiral  valve  is  then  seen  as  a mem- 
branous fold  extending  far  into  the  cavity  of  the  intestine 
and  running  spirally  round  it  for  several  turns.  Like  the 
typhlosole  of  the  earthworm,  it  is  an  arrangement  which 
increases  the  absorbtivc  surface  of  the  intestine. 

The  liver  is  a large,  solid,  brown  organ,  consisting  of 
right  and  left  lobes  united  in  front,  and  extending  back- 
wards nearly  to  the  posterior  end  of  the  abdomen. 
Anteriorly,  it  is  attached  to  the  wall  of  the  coelome  by  a 
median  suspensory  ligament.  It  is  an  important  organ 
present  in  all  vertebrates,  and  has  several  distinct 
functions.  First,  it  serves  as  a storehouse  of  reserve 
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material  which  is  drawn  upon  by  the  body  in  times  of 
need.  The  nutritiv’e  value  of  the  material  stored  up  in 
the  liver  is  familiar  from  the  use  in  medicine  of  cod-liver 
oil.  Next,  it  is  an  organ  which  secretes  nitrogenous  waste 
matter.  In  this  respect  it  may  be  compared  with  the 
chloragogen  cells  covering  the  intestine  of  the  earthworm. 
In  the  case  of  the  liver,  however,  the  waste  matter  is  lirst 
separated  from  the  blood  and  then  returned  to  it  in  the 
form  of  urea  or  of  a closely  allied,  nitrogenous  substance, 
and  is  finally  removed  from  the  body  by  the  kidneys. 
Thirdly,  the  liver  is  adigestive  gland  which  secretes  the  bile. 

The  gall-bladder  is  a large,  thin-walled  sac,  embedded 
in  the  left  lobe  of  the  liver  near  its  anterior  end.  It 
receives  several  short  ducts  from  the  liver,  by  which  part 
of  the  secretion  of  bile  reaches  it.  The  bile  duct  is  a stout 
tube  which  leaves  the  gall-bladder,  afterwards  receiving 
several  short  ducts  from  the  lobes  of  the  liver,  and  run- 
ning back  in  the  mesentery  to  enter  the  intestine  at  the 
commencement  of  the  spiral  valve. 

The  pancreas  is  a whitish,  laterally  compressed  organ 
occupying  the  angle  between  the  intestine  and  the 
stomach,  behind  the  pylorus.  The  digestive  juice  formed 
in  it  leaves  it  by  the  pancreatic  duct,  which,  starting  from 
the  ventral  side  of  the  pancreas,  runs  into  the  ventral 
wall  of  the  intestine,  and  about  half  an  inch  from  where 
it  enters  the  wall,  opens  into  the  cavity  of  the  intestine, 
beside  the  attachment  of  the  spiral  valve. 

The  rectal  gland  is  a dark-red,  thick-walled,  tubular 
gland  lying  in  the  abdominal  cavity  above  the  rectum. 
A narrow  duct  leaves  its  posterior  end  and  opens  into  the 
rectum.  The  function  of  this  gland  is  not  known,  and  it 
is  not  found  in  the  higher  vertebrates. 
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The  spleen  is  a dark-red  body  attached  to  the  posterior 
part  of  the  loop  of  the  stomach,  and  has  a narrow  lobe 
running  forwards,  closely  applied  to  the  distal  limb  of  the 
stomach.  It  is  a ductless  gland  present  in  all  vertebrates. 
It  receives  a very  rich  supply  of  blood,  and  belongs  to  the 
vascular  system  rather  than  to  the  alimentary  system,  its 
chief  function  probably  being  the  destruction  of  used-up 
and  damaged  red  corpuscles. 

The  respiratory  system.  The  gills  must  be  examined 
by  slitting  open  the  gill-slits  by  cuts  extending  above  and 
below  the  external  openings.  Each  slit  leads  into  a 
wider  and  longer  cavity,  in  which  the  highly  vascular 
gill-filaments  hang  from  the  walls.  The  inner  end  of  the 
cavity  communicates  with  the  internal  cavity  of  the 
pharynx  by  apertures  guarded  by  cartilaginous  processes 
of  the  gill-bars  which  prevent  the  entrance  of  food  with 
the  water.  The  gills  are  folds  of  the  mucous  membrane  ; 
they  arc  borne  on  the  posterior  surface  of  the  hyoid  arch 
and  on  the  anterior  and  posterior  surfaces  of  the  four 
following  arches,  but  not  on  the  last  arch.  The  anterior 
wall  of  the  spiracle  bears  a rudimentary  gill,  called  the 
pseudobranch. 


THK  CIKCUL.VTORY  SYSTEM. 

The  heart  is  a muscular  tube  bent  on  itself,  and  l3’ing 
within  the  pericardial  cavity  in  the  ventral  anterior  region 
of  the  bod^'  between  the  gills.  The  contractions  of  the 
heart  drive  the  blood  forwards  through  the  anterior  end 
into  branches  which  lead  to  the  gills.  In  these  the  blood 
discharges  carbonic  acid  into  the  water  passing  out 
through  the  slits,  and  takes  up  oxygen.  The  blood,  thus 
purified,  leaves  the  gills  by  vessels  which  meet  to  form  a 
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large  median  vessel,  the  systemic  or  dorsal  aorta,  which 
runs  along  the  body  above  the  alimentary  canal,  and  gives 
off  branches  to  the  different  organs.  In  these,  the  blood 
gives  up  oxygen  to  the  cells  of  the  tissues  and  receives 
carbonic  acid,  and  then  leaves  them  by  small  vessels  which 
meet  to  form  the  large  thin  walled  venous  sinuses,  which 
lead  it  back  to  the  heart,  entering  by  the  posterior  end. 
The  circulatory  system  is  therefore  a closed  system  of 
tubes  through  which  the  shocks  given  by  the  contractions 
of  the  heart  are  sufficient  to  keep  the  blood  moving.  The 
arteries,  or  tubes  leading  from  the  heart  to  the  gills,  and 
from  these  through  the  systemic  aorta  and  its  branches  to 
the  tissues,  are  narrow  and  thick-walled,  and  therefore 
very  little  of  the  momentum  given  by  the  beats  of  the 
heart  is  lost.  The  veins  are  much  roomier  cavities 
through  which  the  blood  percolates  more  sluggishly  on 
its  returning  course.  In  addition  to  carrying  oxygen  and 
carbonic  acid  and  so  serving  the  respiration  of  the  tissues, 
the  blood  serves  the  nutrition  of  the  tissues.  It  picks  up 
nutritive  materials  from  the  intestine,  and  allows  the  cells 
of  the  tissues  to  absorb  what  they  require  from  these.  It 
also  serves  excretion  by  receiving  nitrogenous  waste  from 
the  tissues,  and  carrying  it  to  the  liver  and  the  kidneys. 
The  exact  share  of  these  organs  in  the  formation  of  urea,  in 
the  case  of  the  dog-fish,  is  unknown  ; but  between  them, 
urea  is  separated  from  the  blood  and  is  discharged  from 
the  body  by  the  kidneys.  The  blood  consists  of  a fluid 
plasma  containing  white  and  red  corpuscles.  The  white 
corpuscles  are  amoeboid  cells,  one  important  function  of 
which  is  the  ingestion  and  destruction  of  microbes  and 
other  foreign  bodies  which  have  found  their  way  into  the 
system.  The  white  corpuscles  can  pass  through  the  walls 
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of  the  vessels,  and  so  migrate  into  the  tissues.  The  red 
corpuscles  are  oval,  nucleated  cells  tinged  red  with 
haemoglobin.  Their  chief  function  is  to  carry  oxygen 
from  the  gills  to  the  tissues. 

The  pericardial  cavity  should  be  opened  by  an  incision 
in  the  mid-ventral  line  in  front  of  the  pectoral  girdle. 
Care  must  be  taken  not  to  injure  the  heart,  which  lies 
within  it.  When  it  has  been  opened,  the  ventral  wall 
should  be  cut  away  so  as  to  expose  the  heart  fully,  a 
small  piece  being  also  cut  out  of  the  middle  of  the 
pectoral  girdle.  The  ventricle,  a thick-walled  globular 
tube,  is  the  most  ventral  and  conspicuous  part  of  the 
heart.  Passing  forwards  from  this  to  the  front  wall  of  the 
pericardium,  through  which  it  passes,  is  the  conus  arteri- 
osus, which  narrows  as  it  becomes  the  cardiac  aorta, 
d'he  auricle  is  a thin-walled  sac  occupying  the  dorsal 
part  of  the  pericardial  cavity,  and  running  forwards  from 
its  opening  into  the  ventricle.  It  slightlv  overlaps  the 
ventricle  at  the  sides.  The  sinus  venosus  is  the  most 
posterior  part  of  the  heart,  and  is  a thin-walled  tube, 
rumting  from  above  the  front  end  of  the  auricle  to  the 
posterior  wall  of  the  pericardium,  through  which  it 
passes  and  then  expands  again  to  form  the  extra-peri- 
cardial part  of  the  sinus.  Above  the  sinus  venosus,  in 
the  posterior  wall  of  the  pericardium,  is  the  opening 
of  the  pericardio-coelomic  canal,  which  opens  into  the 
abdominal  cavity  about  an  inch  behind  the  pericardium. 

After  the  blood  vessels  have  been  dissected,  the  heart 
should  be  removed  along  with  the  pericardium  and  part 
of  the  floor  of  the  mouth,  and  cut  open,  washed  out  and 
examined  carefully.  The  ventricle  must  be  opened  by 
cutting  away  the  lower  part  of  its  wall  ; it  is  seen  to  be 
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thick-walled  and  muscular,  and  to  contain  only  a small 
globular  cavity.  The  cavity  of  the  conus  arteriosus, 
opened  by  a ventral  slit  prolonged  from  the  opening 
made  into  the  ventricle,  is  seen  to  be  guarded  by  a set 
of  three  valves  near  the  ventricle,  and  by  another  set 
of  three  slightly  in  front.  These  are  arranged  so  as  to 


sv' 


Fig.  50. — Heart  of  Dog-fish.  To  the  left,  ventral  view,  irericarclium 
opened  : pericardial  cavity,  black.  BA.  Conus  arteriosus.  A.  Auricle. 
V.  Ventricle.  SV.  Sinus  venosus  within  pericardium.  SV'.  Sinus 
venosus  outside  piericardium.  L.  Liver.  To  the  right,  longitudinal 
vertical  section  : cavity  of  pericardium  and  of  heart,  black.  P.  Teri- 
cardium.  PC.  Canal  from  pericardium  to  cadome.  A.  Conus 
arteriosus,  at  the  root  of  which  are  two  pairs  of  valves ; this  leads  into 
thick-walled  ventricle  (V  wall),  which  is  open  above  to  thin-walled 
auricle  which  communicates  behind  with  sinus  venosus  (SV')  passing 
outside  pericardium. 

prevent  the  regurgitation  of  the  blood  into  the  ventricle. 
The  opening  of  the  ventricle  into  the  auricle  is  a trans- 
verse slit  in  the  posterior  part  of  the  roof  of  the  ventricle, 
guarded  by  a two-lipped  valve,  which  prevents  blood 
from  passing  back  again  to  the  auricle  during  the  con- 
traction of  the  ventricle.  The  cavity  of  the  auricle  must 
be  opened  by  cutting  through  the  anterior  and  lateral 
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borders,  and  turning  back  the  flap  thus  made  of  its  floor. 
The  walls  are  thin,  and  possess  radiating  muscular  bands. 


Fig.  51. — Diagram  of  ,\'enous  Blood  Cliannels  in  Dog-fLh.  1. 
Anlcrior  orbital  sinus  communicating  with  its  fellow  of  the  other  side 
by  intcr-orbital  canal.  2.  Post-orbital  sinus.  3.  Hyoid  sinus.  4.  An- 
terior cardinal  sinus.  5.  Jugular  sinus.  Between  the  two  lie  the 
Cuvierian  sinuses,  meeting  in  the  middle  line.  6.  Hepatic  sinus. 
7.  Subclavian  vein.  8.  Lateral  vein.  9.  Posterior  cardinal  sinus  ; the 
two  arc  in  close  connection  behind  and  pass  back  to  kidney.  0.  Genital 
sinus.  11.  Caudal  vein.  g.  Renal  portal  vein.  f.  Kidney,  e.  Liver, 
c.  Intestinal  portal  vein.  d.  Splenic  portal  vein.  to.  Cardiac  aorta, 
a.  Afferent  branchial  arteries. 


which  cause  the  contraction  by  which  the  blood  is  forced 
into  the  ventricle.  The  aperture  into  the  sinus  venosus 
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is  a vertical  slit  in  the  posterior  wall  ; the  cavity  of  this 
is  spacious,  and  the  walls  have  a feeble  network  ot 
muscles.  It  opens  by  a wide  aperture  into  the  extra- 
pericardial  part  of  the  sinus,  and  receives  the  small 
cardiac  sinus,  by  which  blood  is  returned  from  the  tissues 
of  the  heart  itself. 

The  veins  are  spacious  thin-walled  channels  forming 
irregular  sinuses  rather  than  vessels.  They  must  be 
dissected  by  opening  the  ventral  wall  of  the  sinus  venosus, 
washing  out  the  contained  blood,  passing  seekers  into 
the  apertures  of  the  sinuses,  and  then  slitting  open 
their  v'entral  walls  and  washing  out  the  contained 
blood. 

The  hepatic  sinuses  open  into  the  sinus  venosus  by  a 
pair  of  apertures  near  the  dorsal  part  of  the  posterior 
wall  on  each  side  of  the  middle  line.  They  return  the 
blood  from  the  liver,  and  lie  close  together  between  the 
liver  and  the  pericardium. 

The  Cuvierian  sinuses  are  the  lateral  continuations 
of  the  extrapericardial  part  of  the  sinus  venosus.  They 
curve  upwards,  lying  closely  applied  to  the  inner  side  of 
the  posterior  branchial  arches. 

The  inferior  jugular  sinus  at  each  side  opens  into  the 
middle  of  the  Cuvierian  sinus.  They  run  forwards  along 
the  outer  wall  of  the  pericardium,  and  in  the  floor  of  the 
mouth. 

The  great  anterior  cardinal  sinus  of  each  side  opens 
into  the  dorsal  end  of  the  Cuvierian  sinus  by  a small  hole, 
guarded  by  a valve  with  two  flaps.  Each  extends  for- 
\vards  as  a wide,  very  irregular  space  lying  above  the  gill 
arches.  At  the  level  of  the  hyoid  arch  each  receives  a 
hyoidean  sinus,  a narrower  venous  channel  which  runs 
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down  a groove  in  the  hyo-mandibular  cartilage  until  it 
meets  the  jugular  sinus. 

The  post-orbital  sinus  is  a narrower  channel  at  each 
side,  which  runs  from  the  anterior  end  of  the  anterior 
sinus,  over  the  spiracle,  under  the  side  of  the  auditory 
capsule,  to  open  into  the  very  large  orbital  sinus,  which 
surrounds  the  eye  and  communicates  with  its  fellow  of 
the  other  side  through  the  interorbital  canal. 

The  posterior  cardinal  sinus  of  each  side  extends  from 
the  summit  of  the  Cuvierian  sinus  as  a sac,  nearly  an 
inch  in  width,  lying  first  at  the  side  and  then  above 
the  alimentary  canal.  It  communicates  by  many  small 
openings  with  its  fellow  of  the  other  side.  When  they 
reach  the  kidneys,  the  sinuses  narrow  considerably,  and 
pass  backwards  between  them,  giving  off  numerous  renal 
veins.  Into  each  sinus  opens  first  the  subclavian  vein, 
which  returns  blood  from  the  region  of  the  pectoral  fin  ; 
then  the  lateral  vein,  which  returns  blood  from  the  side 
of  the  body  wall ; and  lastly,  the  genital  sinus,  which 
surrounds  the  genital  organs. 

The  liver  and  the  kidneys  are  organs  which  receive 
not  only  supplies  of  arterial  blood  like  all  the  organs  and 
tissues,  but  a special  supply  of  blood  on  account  of  their 
special  functions.  For  the  latter  purpose,  both  liver  and 
kidneys  receive  a special  supply  of  blood  taken  to  them 
by  veins.  These  arrangements  are  called  portal  systems, 
ami  their  distinctive  feature  is  that  veins  break  up  into 
small  vessels  which  ramify  through  the  tissues  in  ques- 
tion ; whereas  veins  in  other  cases  do  not  break  up  into 
smaller  vessels  on  their  way  from  the  organs  to  the  heart, 
their  special  business,  so  to  speak,  being  to  take  back  the 
impure  blood  to  the  heart  without  loitering  by  the  way. 
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The  hepatic  portal  vein  is  formed  by  the  union  of  a 
vein  from  the  spleen  with  a large  vein  which  returns  the 
blood  from  the  intestine.  The  portal  vein  breaks  up 
into  a series  of  irregular  capillaries  in  the  liver. 

The  blood  from  the  tail  is  returned  by  a median  caudal 
vein,  which  runs  through  the  haemal  arches.  Just 
behind  the  kidneys  it  divides  into  two  branches,  which, 
after  receiving  small  veins  from  the  body  wall,  run  along 
the  dorsal  surfaces  of  the  right  and  left  kidneys,  and 
gradually  break  up  into  vessels  which  pass  into  the 
kidneys. 

The  arteries,  on  account  of  their  smaller  calibre  and 
thicker  walls,  can  be  dissected  without  opening  them  ; 
but  it  is  convenient  to  inject  them  from  the  conus 
arteriosus,  and  from  the  caudal  artery. 

The  aortic  arches,  through  which  the  venous  blood 
is  pumped  from  the  conus  arteriosus,  are  termed  the 
afferent  branchial  vessels.  The  cardiac  aorta,  the  forward 
continuation  of  the  conus  arteriosus,  runs  for  about 
an  inch  in  front  of  the  pericardium,  forking  to  form 
the  anterior  two  pairs  of  afferent  branchial  vessels  ; the 
first  of  these  run  along  the  hyoid  arch,  breaking  up  into 
vessels  which  supply  the  gill  on  the  posterior  face  of  the 
hyoid,  while  the  second  pair  run  along  the  outer  border 
of  the  first  branchial  arch,  giving  off  branches  to  the  gills 
lying  on  the  anterior  and  posterior  surfaces  of  these. 
The  third,  fourth,  and  fifth  afferent  vessels  run  similarly 
along  the  second,  third,  and  fourth  arches,  giving  supply 
to  the  gills  on  the  anterior  and  posterior  surfaces  of 
these.  The  last  arch,  which  bears  no  gill,  has  no  afferent 
vessel. 

The  efferent  branchial  arteries. — A complete  arterial 
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loop  surrounds  each  of  the  four  anterior  gill-slits,  and 
collects  the  blood  from  the  gills  on  their  anterior  and 
posterior  faces.  The  posterior  slit,  which  has  a gill  only 


Fk;.  52.  — Diagram  of  gill-slits  ami  Ai  tL-iics.  I.-V.  Gill-cavi(ics  : llie 
gill  lilamcnts  are  in  while.  A.  Systemic  or  ilorsal  aorta.  E.  Posterior 
efferent  branchial  vessel.  C.E.  External  carotid.  C.I.  Internal  carotid 
artery. 

on  its  anterior  face,  returns  its  blood  by  a single  vessel, 
which  joins  the  dorsal  end  of  the  fourth  loop.  Cross 
vessels  connect  the  four  anterior  loops,  and  a longitu- 
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dinal  vessel,  not  represented  in  the  figure,  connects  their 
ventral  ends.  From  the  dorsal  ends  of  the  four  anterior 
loops,  four  epibranchial  arteries  run  inwards  and  back- 
wards, and  unite  to  form  the  dorsal  aorta,  which  runs 
back  along  the  whole  length  of  the  body  under  the  back- 
bone to  the  root  of  the  tail,  where  it  enters  the  hasrnal 
arches. 

The  carotid  artery  of  each  side  arises  from  the  dorsal 
end  of  that  part  of  the  first  loop  which  comes  from  the 
hyoid  gill.  It  runs  forwards  and  inwards  along  the 
ventral  surface  of  the  skull  to  the  posterior  border  of  the 
orbit,  where  it  divides  into  an  external  carotid  which 
runs  forward  to  supply  the  jaws  and  the  snout,  and  an 
internal  carotid  which  runs  inwards  and  forwards  along  a 
croove  in  the  ventral  surface  of  the  skull  until  it  meets 

O 

its  fellow  of  the  other  side  in  the  middle  line,  when  the 
common  vessel  passes  through  a foramen  into  the  brain. 

The  hyoidean  artery  runs  from  the  ventral  end  of  the 
anterior  part  of  the  first  efferent  loop  to  supply  the 
spiracle,  and  also  sends  a small  vessel  into  the  brain 
through  a foramen  immediately  in  front  of  the  inter- 
orbital foramen  in  the  orbit. 

Branches  of  the  dorsal  aorta. 

The  subclavian  artery  of  each  side  leaves  the  dorsal 
aorta  between  the  third  and  fourth  epibranchial  vessels, 
and  runs  backwards  and  outwards  to  the  pectoral  fins. 

The  coeliac  artery  is  a large  median  vessel  which 
leaves  the  ventral  side  of  the  aorta  shortly  behind  the 
last  pair  of  epibranchials,  and  divides  into  an  artery  for 
the  stomach  and  liver  and  one  for  the  intestine  and  the 
pancreas. 

The  mesenteric  artery  is  a median  vessel  supplying  the 
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intestine  and  rectum,  and  arising  about  two  inches  behind 
the  coeliac  artery. 

The  lieno-gastric  artery  leaves  the  aorta  immediately 
behind  the  mesenteric  artery.  It  supplies  the  posterior 
limb  of  the  stomach  and  the  spleen. 

The  posterior  mesenteric  artery  leaves  the  aorta  in 
front  of  the  anterior  end  of  the  rectal  gland  which  it 
supplies. 

The  parietal  arteries  are  small,  ])aired  vessels  which 
leave  the  aorta  at  intervals  all  along  its  course  and 
supply  the  body-wall. 

The  renal  arteries  are  small,  paired  arteries  which  run 
from  the  aorta  into  the  kidneys. 

The  iliac  arteries  leave  the  aorta  near  the  posterior 
end  of  the  abdominal  cavity,  and  one  runs  to  each  pelvic 
fin. 


THE  RENAL  AND  REPRODUCTIVE  SYSTEMS. 

In  vertebrates,  the  excretory  and  reproductive  systems 
are  closely  connected,  and  to  understand  the  complicated 
relations  that  exist  between  them,  it  is  necessary  to  know 
something  of  the  way  in  which  the  two  sets  of  organs 
are  developed.  The  reproductive  organs,  the  ovaries  in 
the  females,  the  testes  in  the  males,  arise  as  modified 
patches  of  the  dorsal  wall  of  the  coelome.  In  some 
animals,  especially  in  cases  like  the  common  dog-fish,  or 
as  in  birds,  where  the  eggs,  on  account  of  the  bulk  of 
food-yolk  contained  in  them,  are  very  large,  only  one 
ovary  is  present  in  the  adult  condition  ; but  typically, 
there  is  one  pair  of  testes,  and  one  pair  of  ovaries.  The 
eggs  or  spermatozoa  when  ripe  would  therefore  fall  into 
the  body-cavity.  The  primitiv'c  kidney  consists  of  a 
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series  of  nephridia  arranged  segmentally,  so  that  there  is 
one  pair  for  every  segment  of  the  body.  The  other  ends 
of  the  nephridial  tubes  open  into  a longitudinal  duct, 
called  the  segmental  duct,  which 
runs  back  to  open  to  the  exterior 
by  the  cloaca.  Such  a condi- 
tion is  represented  in  Fig.  53, 
the  nephridia  only  of  one  side 
being  represented  completely. 

On  each  nephridium,  between 
the  funnel  and  the  opening  into 
the  segmental  duct,  there  is  a 
cup  - shaped  protuberance  in 
which  a coil  of  blood  vessels 
ramifies,,  represented  in  the 
figure  for  the  sake  of  simplicity 
as  coming  only  from  the  aorta 
the  renal  portal  system  being 
neglected.  Such  simple  neph- 
ridia by  the  funnels  would  re- 
move waste  matter  from  the 
coelome,  and  along  with  this 
the  ripe  genital  products  dis- 
charged from  the  genital  glands  ; 
while  from  the  blood  in  the 
cup-shaped  protuberances  they 
would  extract  waste  material. 

In  the  actual  development  of 
vertebrates  such  a series  of 
paired  nephridia  leading  into  a segmental  duct  occurs  ; 
but  this  is  rapidly  followed  by  that  feature  of  coelo- 
mate  development  which  in  Chap.  XIII.  we  called 


Fig.  53,  — Diagram  of 
primitive  Kidney.  A.  Sy- 
tcmic  aorta  which  sends 
Irranches  ramifying  in  the 
cup  of  each  nephridium. 
B.  Nephridial  funnels.  S. 
Segmental  duct.  C.  Cloaca 
with  apertures  of  ducts. 
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condensation  of  segmentation.  The  scries  of  nephridia 
is  broken  up  into  three  groups,  and  the  original 


Fig.  54. — Excretory  and  Genital  Organs  of  Dog-fish.  Tlie  middle 
figure  is  the  common  type  ; to  the  left  the  female,  to  the  right  the 
male.  A.  Aorta.  Mes.  Mesoneiihros.  Met.  Metanephros.  P.  Pro- 
nephric  duct.  W.  Mesonephric  duct.  Ur.  Metanephric  duct.  G. 
Genital  organ.  C.  Cloaca.  U.  Urinogenital  aperture.  In  the  female, 
P,  oviduct  with  shell  gland  near  the  summit.  0.  Common  opening  of 
oviducts  into  ccelome.  OV.  The  single  ovary.  S.  Urinary  sinus  into 
which  mc.sonephric  ducts  and  ureters  open.  In  the  male,  the  testis  (T) 
of  one  side  has  been  removed.  P.  Rudimentary  pronephric  duct  with 
0,  opening  into  coelome.  V.E.  Vasa  efferentia.  V.S.  A'esicula 
scminalis  (mesonephric  duct).  SS.  Sperm  sac,  in  the  lower  end  of 
which  are  seen  the  openings  of  V.E.  and  of  Ur  immediately  under  the 
reference  letters  SS. 


single  segmental  duct  is  replaced  ctr  divided,  so  that  a 
separate  duct  is  formed  for  each  group.  The  middle 
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drawing  in  Fig.  54  represents  this.  The  anterior 
group  of  uephridia  is  called  the  pronephros  or  head 
kidney,  and  its  duct  is  called  the  pronephric  duct.  In 
the  dog-fish  the  nephridial  tubules  of  the  pronephros  do 
not  appear,  and  therefore  they  are  merely  dotted  in  the 
figure  ; but  their  duct,  the  pronephric  duct,  which,  as  it 
frequently  is  the  remains  of  the  original  duct,  is  often 
called  the  segmental  duct,  does  appear  at  each  side. 
The  second  division  of  uephridia  is  called  the  meso- 
nephros, and  its  duct  is  the  mesonephric  duct,  or  from 
the  name  of  its  discoverer,  the  Wolflfian  duct.  The  pos- 
terior group  is  called  the  metanephros,  or  last  kidney,  and 
its  duct  is  the  metanephric  duct  or  ureter,  as  in  most 
kidneys  the  metanephros  is  the  only  functional  kidney  of 
the  adult,  and  the  metanephric  duct  is  that  by  which 
the  urine  is  actually  discharged.  In  most  vertebrates 
these  separate  ducts  appear  successively,  but  while  the 
metanephros  forms  the  kidney  of  the  adult,  only  those 
parts  of  the  pronephros  and  mesonephros  are  retained 
which  have  become  specialised  into  sexual  ducts,  because 
they  have  retained  the  primitive  auxiliary  employment 
of  the  nephridial  funnels  as  means  by  which  the  ripe 
generative  products  escape  from  the  coelome  to  the 
exterior. 

The  Adult  Female. 

The  Ovary  is  a single  large  organ  lying  in  the  abdo- 
minal cavity  suspended  from  the  dorsal  wall  by  a delicate 
mesentery  which  is  easily  torn.  The  ovary  is  lobulated  on 
account  of  the  large  eggs,  in  various  stages  of  ripeness, 
which  are  contained  in  it. 

The  oviducts  are  the  original  pronephric  ducts  enor- 
mously expanded.  They  are  a pair  of  wide  tubes  lying 
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on  each  side  of  the  middle  line  near  the  dorsal  wall  of 
the  coelome.  Their  anterior  ends  meet  together  in  the 
middle  line  in  front  of  the  liver,  and  on  the  ventral  side 
of  the  point  of  junction  a ventral  slit  opens,  thus  placing 
their  cavity  in  communication  with  the  abdominal  cavity, 
d'hrough  this  the  eggs  which  have  fallen  from  the  ovary 
into  the  coelome  find  their  way,  and  are  impregnated  by 
spermatozoa  passed  into  the  oviducts  by  the  males  during 
copulation.  Nearly  a third  of  its  length  from  the  opening 
into  the  body-cavity  each  oviduct  expands  to  form  the 
oviducal  gland  which  secretes  a horny  shell  formed  round 
the  egg  after  impregnation.  The  posterior  ends  of  the 
oviducts  unite,  and  open  into  the  cloaca  on  the  dorsal 
wall,  immediately  behind  the  rectum. 

The  mesonephros  is  rudimentary  and  consists  of  a seg- 
mented mass  of  yellow-brown  glandular  tissue,  arranged 
in  patches  on  the  dorsal  wall  of  the  abdominal  cavity  at 
each  side.  The  patches  are  arranged  so  that  they  corre- 
spond roughly  to  the  vertebra3. 

The  metanephros  forms  the  permanent  kidney  of  the 
adult  female.  Each  is  a compact,  laterally-compressed, 
dark-brown  mass  lying  attached  to  the  dorsal  wall  of 
the  coelome,  one  on  either  side  of  the  middle  line. 
The  original  segmeiitally  arranged  tubules  have  greatly 
multiplied  in  number.  In  most  cases  the  nephridial 
funnels  into  the  coelome  have  disappeared,  although  in 
some  cartilaginous  fishes  miscroscopic  sections  through 
the.  kidney  and  the  peiitoneum  show  that  the  apertures 
of  the  funnels  persist  even  in  the  adult.  The  cup-shaped 
expansions  of  the  tubules  are  increased  in  number,  and 
into  them  there  pass  coils  of  blood-vessels  which  also 
ramify  over  the  parts  of  the  tubules  within  the  kidney. 
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These  blood-vessels,  which  come  both  from  the  renal 
arteries  and  from  the  renal-portal  system,  together  with 
the  tubules  ami  a small  amount  of  supporting  connective 
tissue,  form  the  mass  of  the  solid  kidney.  The  cup-shaped 
expansions  with  their  contained  tufts  of  blood-vessels 
form  the  most  characteristic  feature  in  sections  of  the 
kidney,  and  are  known  as  Malpighian  corpuscles. 

The  mesonephric  ducts,  in  the  adult  female,  form  a pair 
of  straight  tubes  running  along  the  whole  length  of  the 
kidneys  on  their  ventral  surfaces.  Their  posterior  ends 
are  enlarged  to  form  a pair  of  urinary  sinuses,  which 
meet  together  posteriorly  and  open  into  the  cloaca,  on  the 
surface  of  a small  urinary  papilla  on  the  posterior  margin 
of  the  openings  of  the  oviducts. 

The  metanephric  ducts  form  the  ureters  of  the  adult. 
There  are  four  or  five  at  each  side,  and  they  open  by 
separate  apertures  into  the  dorsal  wall  of  the  urinary 
sinus  of  each  side. 

The  Adult  Male. 

The  Testes  are  a pair  of  soft,  whitish,  elongated  bodies 
lying  on  the  dorsal  wall  of  the  abdominal  cavity,  and 
united  to  each  other  at  their  posterior  ends.  At  the 
anterior  end  of  each  testis  a number  of  small  ducts,  the 
vasa  efferentia,  leave  the  testes  and  pass  into  the  anterior 
ends  of  the  mesonephros  of  each  side.  The  spermatozoa, 
when  ripe,  instead  of  being  discharged  directly  into  the 
body-cavity,  are  passed  along  these  ducts  to  the  mesone- 
phros. The  pronephros  of  the  adult  male,  as  in  the 
female,  is  not  developed.  The  pronephric  ducts  of  each 
side  are  quite  rudimentary  ; at  the  anterior  end  of  the 
abdominal  cavity,  in  a situation  corresponding  to  the 
opening  into  the  body-cavity  of  the  female  oviducts. 
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there  are  in  the  male  a couple  of  small  pouch-like  sacs  in 
the  suspensory  ligament  of  the  liver,  and  behind  these  a 
short  median  strand  of  tissue  represents  the  anterior  parts 
of  the  aborted  ducts. 

The  mesonephros  of  each  side  forms  the  front  part 
of  the  functional  kidney  of  the  adult,  while  the  metane- 
phros  forms  the  posterior  and  larger  part  of  the  permanent 
kidney.  A slight  constriction  usually  marks  the  bounds 
of  the  two  parts  of  the  kidney,  the  internal  structure  of 
which  is  similar  to  that  described  in  the  case  of  the  female. 

The  mesonephric  duct  of  each  side  is  a thick- walled 
sinuous  tube  which  runs  through  the  whole  length  of 
the  mesonephros,  and  into  which  open  the  segmentally 
arranged  mesonephric  nephridial  tubules.  Where  the 
mesonephros  passes  into  the  metanephros,  each  meso- 
nephric duct  expands  into  a wide  thin-walled  tube  cor- 
responding in  position  to  the  urinary  sinus  of  the  female, 
although  it  extends  further  forwards.  This  is  called  the 
vesicula  seminalis,  and  it  runs  back  along  the  ventral  side 
of  the  metanephros  to  open  into  the  urino-genital  sinus 
immedi.ately  before  that  opens  into  the  cloaca. 

The  sperm-sac  of  each  side  is  a thin-walled  sac  which 
has  no  representative  in  the  female.  It  lies  along  the 
outer  side  of  the  vesicula  seminalis,  and  ends  blindly  in 
front,  nearly  at  the  anterior  margin  of  the  metanephros. 
Posteriorly,  each  dilates  to  form  the  urino-genital  sinus. 

The  urino-genital  sinus  of  each  side  receives  the  open- 
ings of  the  vesicula  seminalis  and  of  the  ureter,  and  then 
the  two  unite  and  open  into  the  cloaca  by  a small  pore 
at  the  tip  of  the  urino-genital  papilla,  which  is  situated 
immediately  behind  the  rectum. 

'riiere  are  five  metanephric  ducts  at  each  side.  The 
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anterior  four  unite  to  form  the  ureter,  whieh  is  joined  by 
the  fiftli  and  then  runs  along  tlie  dorsal  surface  of  the 
vesieula  seminalis  to  open  into  the  urino-genital  sinus. 

Thus  in  the  male  the  mesonephric  duct  functions  both 
as  the  ureter  of  the  mesonephros  and  as  a vas  deferens  by 
whieh  the  genital  products,  brought  to  the  mesonephros 
by  the  vasa  efferentia,  leave  that  to  reach  the  exterior. 
The  urino-genital  papilla  on  which  the  urino-genital  sinus 
opens  serves  as  a common  aperture  for  the  escape  of 
excretory  and  sexual  products.  In  copulation  the  genital 
products  are  directed  into  the  body  of  the  female  by 
grooves  running  along  the  dorsal  surface  of  the  claspers. 

THK  NRRt’OUS  SYSTEM. 

The  nervous  system  of  vertebrates  is  tubular  and 
hollow,  and  lies  along  the  dorsal  surface  with  an  anterior 
expansion  in  the  head  forming  the  brain.  In  Fig.  72, 
which  is  a longitudinal  vertical  section  through  a young 
vertebrate  embryo,  a primitive  condition  of  the  nervous 
system  is  shown.  It  consists  of  a hollow  tube,  open 
to  the  blastopore  behind,  and  in  front  is  expanded  into 
three  bulbs,  lying  one  behind  the  other,  named  the  three 
primary  vesicles  of  the  brain.  In  the  course  of  the 
development,  the  solid  parts  of  the  brain  and  spinal  cord 
are  formed  by  thickenings  in  the  walls  of  the  primitive 
tube  and  vesicles,  and  the  cavity  remains  as  a small 
central  canal  in  the  'spinal  cord  leading  into  a series  of 
ventricles  in  the  brain.  From  this  central  portion  the 
peripheral  portion,  consisting  of  nerves  growing  out  in 
pairs,  runs  to  the  tissues  and  organs. 

The  anterior  part  of  the  first  primary  vesicle  of  the 
brain  grows  out  to  form  a large  thick-walled  mass 
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partly  divided  by  a longitudinal  constriction  into  two 
lateral  halves.  This  is  called  the  prosencephalon,  or 
forehrain  ; its  lateral  halves  form  the  cerebral  hemi- 
spheres of  higher  animals,  and  contain  the  lateral  ven- 
tricles. From  the  side  near  the  front  grow  out  the 
olfactory  lobes.  The  posterior  half  of  the  first  vesicle 
forms  the  thalamencephalon.  From  each  side  of  it  grows 
out  a bulb  which  nearly  meets  the  outer  surface  of  the 
body.  As  shown  in  Fig.  73,  the  anterior  wall  of  each 
of  these  lateral  bulbs  tucks  in  backwards  so  that  they 
form  cups,  carried  upon  short  stalks.  These  cups  form 
the  nervous  portion  of  the  eyes  ; the  stalk  forms  the  optic 
nerve,  and  a thickening  of  the  outer  skin  opposite  the 
mouth  of  the  cup  forms  the  lens  of  the  eye.  The  dorsal 
wall  of  the  thalamencephalon  gives  rise  to  a stalked  bulb, 
which  becomes  cup-shaped  e.xactly  like  the  lateral  eyes. 
In  the  dog-fish,  and  in  most  other  living  vertebrates,  this 
dorsal  eye  degenerates,  and  becomes  a stalked  bulb  on  the 
surface  of  the  brain,  known  as  the  pineal  body.  But  in 
some  living  lizards  this  bulb  actually  dcvelopes  into  a 
small  structure  with  the  anatomical  characters  of  an  eye. 
This  is  visible  on  the  surface  of  the  head  in  the  middle  of 
the  parietal  region,  and  is  called  the  parietal  eye.  It  is 
not  functional  even  in  those  animals  in  which  at  the 
present  day  it  is  most  highly  developed,  but  there  is  good 
reason  to  suppose  that  in  the  e.xtinct  ancestors  of  living 
vertebrates  it  served  as  a third  eye.  The  parietal  eye,  or 
pineal  body  as  it  now  exists,  is  a notable  instance  of  a 
rudimentary  organ,  that  is  to  say,  it  is  a relic  of  an  organ 
no  longer  functional,  but  which  still  lingers  on  in  develop- 
ment. Another  hulb  grows  out  on  the  ventral  side  of 
the  thalamencephalon  and  becomes  what  is  called  the 
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infundibulum,  on  the  under  surface  of  which  is  the 
pituitary  body,  another  organ  probably  rudimentary,  of 
which  the  history  and  function  are  extremely  doubtful. 

The  walls  of  the  second  primitive  vesicle  thicken  and 
form  the  optic  lobes.  The  cavity  remains  as  the  iter  a 
tertio  ad  quartum  ventriculum. 

The  third  primitive  vesicle  constricts  into  two  portions. 
The  dorsal  part  of  the  anterior  portion  forms  the  cere- 
bellum ; the  posterior  portion,  the  roof  of  which  remains 
very  thin,  forms  the  medulla  oblongata,  and  its  cavity 
becomes  the  fourth  ventricle. 

The  tube  forms  the  spinal  cord,  the  walls  becoming 
very  thick  and  the  cavity  being  reduced  to  a small 
central  canal. 

Dissection  of  the  brain  in  the  dog-fish  is  important, 
because  the  primitive  condition  is  not  much  departed 
from,  whereas  in  higher  vertebrates,  such  as  man,  com- 
plicated bending  and  folding  of  the  originally  straight 
tube  occurs. 

Dissection  of  the  nervous  system  is  most  conveniently 
performed  upon  specimens  that  have  been  hardened  in 
spirit.  When  the  viscera  have  been  examined  the  animal 
should  be  put  in  methylated  spirit  for  a few  days,  the  dorsal 
wall  of  the  skull  having  been  removed.  Then  it  must 
be  placed  on  the  dissecting  board  with  its  dorsal  side 
upwards,  and  pinned  down.  The  skin  must  be  removed 
from  the  dorsal  surface  of  the  head,  and  then,  if  this  has 
not  been  done  before,  the  cartilaginous  roof  of  the  skull 
must  be  sliced  away  until  the  brain  has  been  exposed. 
'I'he  auditory  capsule  and  the  orbit  of  one  side  should  be 
left  intact.  The  capsule  of  the  other  side  must  be  sliced 
through  while  exposing  the  brain,  and  the  eyelids  of  the 
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same  side  dissected  away  to  expose  the  orbit.  As  the 
orbital  sinus  is  opened  in  this  process,  the  blood  clots 
must  be  washed  away.  Then  the  surface  of  the  brain 
must  be  examined:  next  the  eye  of  one  side  examined  : 
next  the  cranial  nerves  must  be  dissected  ; and  lastly  the 
brain  and  a part  of  the  spinal  cord  must  be  removed  and 
examined  more  fully.  In  this  description  the  order  to  be 
observed  in  the  laboratory  will  not  be  follo\\'cd  exact!}’. 

THK  DORSAL  SURFACE  OF  THE  BRAIN’. 

The  prosencephalon  forms  the  largest  and  most  anterior 
part.  It  is  a smooth,  somewhat  rounded  mass  lying 
between  the  olfactory  capsules  and  the  orbits,  d'he 
separation  into  lateral  hemispheres  is  marked  only  by  a 
slight,  median  anterior  groove. 

The  olfactory  lobes  arise  by  stalks  from  the  middle 
of  the  sides  of  the  prosencephalon.  They  are  triangular 
in  shape  and  arc  closely  pressed  against  the  sides  of  the 
prosencephalon.  In  the  dog-fish,  as  in  many  other  pre- 
datory fishes  which  make  large  use  of  the  sense  of  smell 
in  hunting,  these  olfactory  lobes  arc  unusually  large. 

The  thalamencephalon  is  the  narrower  portion  of  the 
brain  immediately  behind  the  anterior  part.  Its  roof  is 
very  thin,  and  the  third  ventricle  can  be  seen  through  it. 

The  pineal  body  extends  forwards  from  the  hinder  part 
of  the  roof,  and  terminates  in  a slightly  expanded  bulb 
lying  on  the  surface  of  the  forebrain.  The  optic  nerves, 
which  represent  the  stalks  of  the  optic  vesicles,  may  be 
seen  running  into  the  eyeball  from  under  the  lower  part 
of  the  sides  of  the  thalamencephalon. 

The  optic  lobes  arc  a pair  of  rounded  expansions  which 
in  front  partly  overlap  the  thalamencephalon,  and  behind 
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are  partly  overlapped  by  the  cerebellum.  The  fourth 
pair  of  nerves  arise  from  near  the  middle  dorsal  line 
between  the  optic  lobes  and  the  cerebellum. 

The  cerebellum  is  an  elongated,  oval  body,  which 
stretches  far  forwards  over  the  optic  lobes  and  backwards 


Fig.  55. — Brain  of  Dog-fish.  To  the  riglit,  ventral  ; to  left,  dorsal 
aspect.  I.  Olfactory  lobes.  P.  I’roscnceplialon.  Pin.  Pineal. 
TH.  Tlialaniencephalon.  OP.  Optic  lobes.  INF.  Infiinclibuliim. 
PIT.  Pituitary.  CER.  Cerebellum.  R.  Kestiform  bodies.  Med.  Me- 
dulla oblongata.  II.  0]>tic  nerves.  III.  Third  nerve.  IV.  P'ourth 
nerve.  V.  Fifth  nerve.  VI.  Sixth  nerve.  VII.  Seventh  nerve.  VIII. 
Auditory  nerve.  IX.  GIosso]diaryngcal.  X.  A'ngiis. 

over  the  medulla  oblongata.  Its  surface  is  slightly  folded 
transversely,  giving  it  a lamellar  appearance. 

The  medulla  oblongata  forms  the  posterior  part  of  the 
brain.  It  narrows  as  it  passes  back  into  the  spinal  cord. 
Its  roof  is  very  thin,  and  in  dissection  is  frequently  torn 
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away,  exposing  the  cavity,  the  fourth  v’entricle.  The  roots 
of  tlie  fifth,  seventh,  and  eighth  nerves  may  be  seen 
coming  from  its  sides  in  the  anterior  region.  The  slender 
ninth  nerve  and  the  several  roots  of  the  tenth  nerv^e  may 
be  seen  arising  from  the  sides  of  the  medulla  in  the 
posterior  half,  while  above  these  there  is  a large  rounded 
expansion  at  each  side,  the  restiform  body. 

THIi  VENTRAL  SURFACE  OK  THE  BRAIN. 

The  examination  of  this  must  be  deferred  until  the 
cranial  nerves  have  been  examined. 

The  prosencephalon  and  the  olfactory  lobes  appear 
much  as  when  seen  from  the  dorsal  surface,  but  they  pass 
more  directly  into  the  thalamencephalon. 

The  thalamencephalon,  on  the  greater  part  of  its  ventral 
surface  in  front,  has  a curved  band,  from  the  ends  of  which 
the  optic  nerves  arise.  This  band  is  the  optic  chiasma, 
and  is  formed  by  a complicated  crossing  of  the  fibres 
coming  from  the  right  and  left  sides,  so  that  the  greater 
part  of  the  nerve  to  the  right  eye  comes  from  the  left 
side  of  the  brain  and  vice  versa. 

The  infundibulum  is  a pair  of  hollow,  oval  protuber- 
ances {loin  infcriores\  on  the  ventral  surface  of  the 
thalamencephalon,  immediately  behind  the  optic  chiasma. 
Attached  to  the  posterior  end  of  the  infundibulum  is  tbc 
pituitary  body,  a thin-walled  bi-lobed,  hollow  sac.  A 
tubular  body,  of  unknown  function,  is  attached  along  the 
middle  line  of  the  ventral  surface  of  the  pituitary  and 
runs  forward  to  the  infundibulum. 

'fhe  roots  of  the  third  nerve  issue  in  the  middle  line 
from  the  ventral  surface  of  the  thalamencephalon  between 
the  infundibulum  and  the  pituitary. 
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The  medulla  oblongata  is  narrow  in  front  and  behind. 
From  the  ventral  surface  near  the  middle  line  arise  the 
small  roots  of  the  sixth  nerve,  and  from  the  sides  arise 
successiv'ely  the  fifth,  sev'enth,  eighth,  ninth,  and  tenth 
nerves. 


THE  CAVITIES  OF  THE  BRAIN. 

The  original  hollows  of  the  v'esicles  are  broken  up  into 
a series  of  ventricles  opening  into  each  other  from  behind 
forwards.  The  cavity  of  the  medulla  is  the  fourth  ven- 
tricle: the  restiform  bodies  and  the  cerebellum  are  hollow 
outgrowths  of  the  dorsal  wall.  The  cavity  of  the  mesen- 
cephalon which  communicates  behind  with  the  fourth 
ventricle,  is  narrow,  but  the  optic  lobes  are  hollow  pro- 
tuberances of  its  dorsal  wall.  This  leads  into  the  cavity 
of  the  thalamencephalon,  the  third  ventricle,  which  com- 
municates above  with  the  hollow  pineal  body,  below 
with  the  hollow  infundibulum.  This  leads  into  the 
cavity  of  the  prosencephalon,  which  is  divided  by  a 
median  partition  into  lateral  ventricles  which  communi- 
cate with  the  hollow  olfactory  lobes. 

THE  CRANIAL  NERVES. 

These  are  of  the  greatest  importance,  because  they 
correspond  in  relative  position  and  partly  in  function 
with  those  in  all  the  higher  vertebrates.  If  we  allow  for 
two  important  changes,  the  nerves  from  the  brain  in  the 
dog-fish  and  in  man  are  identical.  The  first  difference  is 
this  ; in  man,  and  in  higher  vertebrates,  the  process  of 
cephalisation,  or  condensation  of  anterior  segments  to 
form  a head,  has  proceeded  further,  and  there  are  two 
additional  pairs'  of  nerves  arising  from  the  posterior  part 
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ot  the  brain  corresponding  with  the  anterior  nerves  of 
the  spinal  cord  in  tlie  dog-fish.  Next,  in  man  the  gill- 
slits  and  gill-bars,  which  form  so  important  a jiart  of  the 
anterior  region  of  the  dog-fish,  are  an  e\'anesccnt  occur- 
rence in  very  early  embryonic  development,  and  the 
distribution,  although  not  the  origin  of  the  cranial  nerves, 
is  therefore  different  in  many  respects.  The  cranial  nerves 
of  the  dog-fish  should  be  dissected  after  the  dorsal  surface 
of  the  brain  has  been  examined,  d'hose  of  one  side  only 
are  described. 

I.  The  olfactory  nerve  arises  as  a bundle  of  fibres  from 
the  anterior  end  of  the  olfactory  lobe  and  passes  through 
the  membrane  separating  the  brain  from  the  cavity  of 
the  nose,  by  a series  of  holes.  The  fibres  are  distributed  to 
the  sensory  membrane  of  the  nose. 

If.  The  optic  nerve  runs  from  the  end  of  the  chiasma, 
through  the  optic  foramen  into  the  orbit,  and  then 
straight  across  to  the  eyeball. 

ITT.  The  third  nerve,  or  motor  oculi,  is  a slender  nerve 
which  arises  from  the  ventral  surface  of  the  thalamence- 
phalon,  enters  the  orbit  b}’  a special  aperture  and  is 
distributed  to  the  muscles  of  the  e}'e,  except  the  external 
rectus  and  superior  oblique. 

IVh  The  fourth  nerve,  or  patheticus,  is  a slender  nerve 
which  arises  from  the  dorsal  surface  of  the  mid-brain, 
enters  the  orbit  by  a small  ajierture  above  that  of  the 
optic  nerve  and  passes  to  the  sujrerior  oblique  muscle  of 
the  eyeball. 

V.  The  fifth  nerve,  or  trigeminal,  is  the  most  anterior 
of  those  leaving  the  side  of  the  medulla  at  its  broadest 
part.  Before  leaving  the  cavity  of  the  skull  it  gives  off 
the  ophthalmic  hranch,  which  enters  the  orbit  by  a special 
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foramen  and  runs  forward  in  a groove  in  the  wall  of  the 
orbit  to  an  aperture  in  the  anterior,  superior  angle  by 

which  it  passes  to  the  skin  of  the  snout,  through  a 

• 

canal  between  the  olfactory  capsule  and  the  cranium. 
The  main  stem  of  the  fifth  enters  the  orbit,  sharing  a 
foramen  in  the  posterior  part  of  the  orbit  with  a group  of 
nerves.  It  then  divides  into  a maxillary  branch  to  the 
snout,  and  a mandibular  branch  to  the  lower  jaw. 

VI.  The  sixth  nerve,  which  is  very  slender,  arises  from 
the  ventral  surface  of  the  medulla,  enters  the  orbit  with 
the  main  branch  of  the  fifth,  and  passes  into  the  external 
rectus  muscle  of  the  eyeball. 

VII.  The  seventh,  or  facial  nerve,  leaves  the  side  of  the 
medulla  next  behind  the  fifth.  Its  first  great  branch, 
the  ophthalmic  branch,  arises  by  a separate  root  higher  up 
the  side  of  the  medulla  than  the  main  root.  It  enters 
the  orbit  by  a separate  foramen  above  that  for  the 
ophthalmic  branch  of  the  fifth,  runs  along  the  orbit  in  a 
groove  also  above  that  of  the  fifth,  leaves  the  orbit  along 
with  that  branch  of  the  fifth  and  has  a similar  distribu- 
tion. The  main  stem  of  the  seventh  enters  the  orbit 
with  the  main  stem  of  the  fifth,  and  divides  into  a pala- 
tine nerve,  which  runs  to  the  roof  of  the  mouth,  and  a 
spiracular  nerve,  which  runs  to  the  top  of  the  spiracle  and 
forks  there,  the  anterior  limb  of  the  fork  splitting  up  into 
several  short  branches,  while  the  posterior  supplies  the 
posterior  edge  of  the  spiracle. 

VUI.  The  eighth  nerve,  or  auditory  nerve,  leaves  the 
side  of  the  medulla  behind  the  seventh,  and  runs  straight 
into  the  auditory  capsule  to  be  distributed  to  the  sensory 
parts  of  the  ear. 

IX.  The  ninth,  or  glosso-pharyngeal  nerve,  arises  from 
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the  side  of  the  medulla  next  behind  the  auditory  nerve. 
It  leaves  the  skull  by  a foramen  at  the  end  of  the  post- 
orbital groove,  and  runs  out  to  the  summit  of  the  first 
branchial  cleft,  over  which  it  forks,  one  branch  running 
along  the  anterior,  the  other  along  the  posterior  border 
of  the  cleft. 

X.  The  pneumogastric,  or  vagus  nerve,  arises  from  the 
side  of  the  medulla  by  several  roots.  Within  the  skull 
it  runs  backwards  a short  distance,  and  emerges  at  the 
hind  end  between  the  cranium  and  the  auditory  capsule. 
It  then  runs  backwards  along  the  inner  wall  of  the  ante- 
rior cardinal  sinus.  From  near  its  root  it  gives  off  a 
nerve  which  runs  along  the  side  of  the  body  to  the 
posterior  end,  supplying  the  sense-organs  of  the  lateral 
line.  Next  it  gives  off  four  branchial  nerves,  which  fork 
over  the  four  posterior  gill-slits.  The  main  stem  gives 
off  branches  to  the  heart  and  stomach. 

The  spinal  nerves  arise  in  pairs  from  the  sides  of  the 
spinal  cord.  Each  has  a dorsal  or  sensory  root  provided 
with  a ganglion  and  leaving  the  neural  canal  by  a notch 
in  the  posterior  border  of  the  intervertebral  neural  plate, 
and  a ventral  or  motor  root  which  consists  of  several 
separate  bundles  rapidly  uniting  to  leave  the  neural  canal 
by  the  notch  in  the  posterior  border  of  the  vertebral 
neural  plate  ; it  then  joins  the  sensory  root. 

Connected  with  the  motor  roots  of  the  spinal  nerves 
are  a series  of  wandering  ganglia  which  regulate  the 
viscera  and  are  known  as  the  sympathetic  system. 

Even  in  the  dog-fish  the  process  of  cephalisation  has 
obscured  the  primitive  simplicity  of  the  cranial  nerves  to 
a considerable  extent.  There  is  reason  to  believe  that 
the  cranial  nerves  represent  modifications  of  simple  seg- 
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mental  nerves,  built  on  a type  resembling  that  of  the 
spinal  nerves,  but  specially  modified  in  connection  with 
the  gill-slits,  of  which,  in  the  typical  vertebrate,  there 
were  originally  a larger  number  than  five.  The  typical 
cranial  nerve  would  consist  of  a dorsal  sensory  root  with 
a sensory  ganglion  and  a ventral  motor  root.  But  the 
suppression  and  alteration  of  some  of  the  gill-slits,  and 
the  formation  of  mouth  and  jaws  during  the  process  of 
cephalisation,  has  altered  the  primitive  simplicity. 

The  olfactory  nerve  represents  the  dorsal  sensory  part 
of  a segmental  nerve  of  which  the  ventral  motor  part  has 
been  lost. 

The  optic  nerves  arc  really  not  cranial  nerves  at  all, 
but  are  special  outgrowths  of  the  brain. 

The  third  nerve  has  its  sensory  part  degenerate  and 
formed  only  by  a few  fibres  to  the  integument  on  the 
side  of  the  orbit.  The  motor  root  gives  rise  to  the  nerves 
for  the  eyeball  muscles. 

The  fourth  nerve  has  a few  fibres  to  the  conjunctiva, 
as  degenerate  sensory  part.  The  motor  part  is  the 
nerve  to  the  superior  oblique  muscle. 

The  fifth  and  sixth  nerves  together  represent  probably 
a single  primitive  nerve  which  has  been  considerably 
extended.  The  first  and  second  branches  are  chiefly 
sensory,  and  represent  the  sensory  part  which  has  been 
extended  to  supply  missing  sensory  portions  of  the  third 
and  fourth  nerves.  The  sixth  nerve  and  the  third  branch 
of  the  fifth  represent  the  motor  part  of  the  segmental 
nerv^e.  It  is  possible,  however,  that  this  group  represents 
two  segmental  nerves. 

The  seventh  also  is  a complete  nerve  of  which  the 
ophthalmic  branch  forms  the  sensory  portion,  as  the  fibres 
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in  the  dog  fish  arc  said  to  contain  both  sensory  and 
motor  parts,  although  in  higher  animals  the  motor  part 
alone  is  retained.  The  branch  which  forks  over  the 
spiracle  represents  the  motor  part. 

d'he  eighth  nerve  is  the  sensory  part  of  a nerve  of 
which  the  motor  branch  has  been  lost. 

'riie  ninth  nerve  has  the  sensory  portion  degenerate, 
while  the  forks  over  the  anterior  gill-cleft  represent  the 
motor  part. 

The  tenth  nerve  represents  probably  several  segmental 
nerves  fused  together.  The  nerve  to  the  lateral  line 
represents  the  sensory  part,  while  the  forks  over  the 
gill-clefts  and  the  visceral  nerves  represent  the  motor 
part. 

THE  SENSE-ORGANS. 

Sense-organs  of  the  mucous  canals.  These  canals, 
which  ramify  on  the  head  and  along  the  lateral  line, 
are  seen  from  the  exterior  as  a series  of  minute  apertures 
from  which  mucus  may  be  pressed  out.  Lying  in  the 
canals  are  a set  of  sense-organs  connected  with  the  fifth 
nerve  on  the  head,  and  with  the  vagus  along  the  lateral 
line.  Each  sense-organ  is  a little  bulb  of  sense-cells 
provided  with  sense-hairs,  the  bulbs  sometimes  being 
covered  by  a cuticular  tlome.  hhom  the  base  of  the 
group  of  cells  a nerve  fibre  runs  to  the  nerve,  'fhey 
should  be  examined  by  cutting  and  staining  transverse 
sections  of  poi  tions  of  the  lateral  line. 

The  nasal  organs.  On  the  ventral  surface,  shallow, 
curved  grooves  lead  from  the  angles  of  the  mouth  to  the 
apertures  of  the  nasal  capsules.  The  aj)erture  of  the 
nasal  organ  itself  leads  into  a large  sac,  which  should  be 
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cut  open  and  washed  out.  The  sac  is  lined  by  mucous 
membrane  thrown  into  folds  and  containing  groups  of 
sensory  cells  which  are  supplied  by  branches  of  the 
olfactory  nerve.  The  nasal  organs  in  elasmobranchs, 
unlike  those  of  higher  animals,  are  purely  sensory,  and 
are  unconnected  with  respiration. 

The  eyes.  The  eyeball  is  a hollow  sac  with  a 
cartilaginous  outer  coat,  the  sclerotic,  to  which  six 
muscles  run  from  the  walls  of  the  orbit.  Four  recti 
muscles  run  from  the  posterior  wall  of  the  orbit  and 
diverge  as  they  approach  it.  The  rectus  superior  is 
inserted  on  the  dorsal  surface,  the  rectus  inferior  on 
the  ventral  surface,  the  rectus  externus  on  the  outer 
and  posterior  surface,  the  rectus  internus  on  the  inner, 
more  anterior  surface  of  the  eyeball. 

The  oblique  muscles  run  backwards  from  the  anterior 
wall  of  the  orbit,  the  ohliquus  superior  being  inserted  on 
the  dorsal,  the  ohliquus  inferior  on  the  ventral  surface  of 
the  eyeball,  the  insertions  being  immediately  in  front  of 
the  superior  and  inferior  recti. 

The  eyeball  should  be  removed,  by  cutting  through 
the  optic  nerve  and  the  attachments  of  the  muscles,  then 
opened  by  cutting  it  into  an  inner  and  outer  half  with 
a razor.  The  halves  must  be  examined  under  water. 
The  sclerotic  coat  is  a thin  cartilaginous  layer  which 
usually  articulates  by  a knob,  near  the  entrance  of  the 
optic  nerve,  with  a corresponding  depression  in  the 
posterior  wall  of  the  orbit.  The  anterior  part  of  the 
sclerotic  is  transparent,  and  forms  the  cornea,  through 
which  light  reaches  the  interior  of  the  ball.  It  is  nearly 
flat  exteriorly,  this  being  a characteristic  feature  of 
aquatic  animals.  The  choroid  is  an  opaque,  black, 
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deeply  pigmented  layer  lying  closely  applied  to  the 
inner  side  of  the  sclerotic.  It  contains  a plexus  of 
blood-vessels.  The  layer  turned  towards  the  light  is 
covered  by  a dense  glistening  surface,  the  tapetum.  The 
choroid  is  incomplete  in  front  leaving  a circular  area 
opposite  the  cornea.  This  forms  the  j)upil  of  the  eye,  and 
is  surrounded  by  a layer  called  the  argentea,  filled  with 
clear,  glancing  crystalline  bodies.  Tlie  retina  forms  the 
innermost  layer  of  the  eyeball.  It  is  a soft,  thick  layer 
continuous  with  the  optic  nerve  behind,  which  passes 
through  the  two  outer  coats  of  the  eyeball.  The  retina 
is  the  part  of  the  eye  sensitive  to  light,  and  in  develop- 
ment arises  from  that  outgrowth  of  the  thalamen- 
cephalon  known  as  the  optic  vesicle. 

The  lens  is  a globular,  transparent  body  occupying 
the  front  part  of  the  eyeball.  In  the  dog-fish,  as  in  other 
aquatic  animals,  it  is  more  spherical  than  in  terrestrial 
animals.  The  remaining  cavity  of  the  eyeball  is  filled 
by  a small  amount  of  vitreous  humour,  which,  like  the 
lens,  is  refractive,  and  aids  the  lens  in  focussing  the  light 
upon  the  retina. 

The  Ear. 

A primitive  car  is  an  organ  for  registering  vibrations 
rather  than  for  what  we  know  as  sound.  In  its  simplest 
form,  as  found  in  some  invertebrate  animals,  it  consists 
of  a pouch  of  the  skin  opening  to  the  exterior  by  a 
narrow  aperture,  and  provided  with  cells  communicating 
with  a sensory  nerve  by  their  inner  ends,  while  on  their 
outer  surfaces  sensory  hairs  project  into  the  cavity.  The 
water  in  which  the  animals  live  has  access  to  the  cavity 
from  the  outside,  and  in  the  cavity  lie  several  small 
particles  of  stone,  which  cither  have  come  there  acci- 


TIIF  DOG-FTSII 


227 


dentally  or  have  been  formed  as  limy  secretions  by  the 
cells  of  the  cavity.  Vibrations  in  the  water  cause  these 
stones  or  otoliths  in  the  cavity  to  stimulate  the  sensory 
hairs,  and  the  stimuli  are  transmitted  by  the  nerves  to 
the  nerve  centres.  In  vertebrates  the  ears  first  appear  as 
little  cavities  of  this  kind  open  to  the  exterior,  and  lined 
by  sensory  cells  which  communicate  with  nerves.  But  in 
subsequent  development  the  auditory  pouches  sink  deep 
into  the  cartilage  of  the  skull,  and  the  connection  with 
the  exterior  in  most  cases  disappears. 

The  ear  of  the  dog-fish  consists  of  a membranous  sac, 
the  vestibule,  from  which  arise  three  semicircular  canals, 
contained  in  hollows  of  the  cartilaginous  auditory  capsule. 
It  must  be  examined  by  gradually  paring  away  the 
cartilage  of  the  capsule  from  above  downwards.  When 
the  skin  has  been  removed  from  the  surface  of  the  capsule 
there  is  at  once  visible  a prominent  anterior  ridge  which 
lodges  the  anterior  eanal,  and  a posterior  ridge  for  the 
posterior  canal.  Between  these  two  is  a small  aperture 
which  leads  into  a tube,  the  aqueductus  vestibuli,  which 
opens  into  the  vestibule.  It  is  not  known  to  have  any 
function  in  the  adult  animal,  but  is  the  remains  of  the 
original  invagination  of  the  outer  skin  which  was  the 
starting-point  of  the  ear. 

The  vestibule  is  a membranous  sac  lying  loosely  in  the 
cartilaginous  capsule,  and  partly  divided  into  a lower 
portion  or  sacculus,  and  an  upper  portion  or  utriculus 
which  receives  the  ends  of  the  semi-circular  canals.  It 
contains  calcareous  concretions. 

Each  semicircular  canal  opens  into  the  utriculus  by  an 
expansion,  the  ampulla,  then  eurves  through  the  cartilage, 
and  at  its  other  end  again  opens  into  the  utriculus.  The 
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ampulla  of  the  anterior  vertical  canal  is  close  to  the  orbit 
iir  the  front  end  of  the  capsule  ; its  hinder  end  opens  into 
a dorsal  protuberance  about  the  middle  of  the  utriculus. 
Into  the  same  protuberance  opens  the  anterior  end  of  the 
posterior  vertical  canal,  which  is  much  longer,  and  hends 
down  behind  the  utriculus  until,  nearly  completing  a circle, 
it  enters  that  by  an  ampulla  at  the  posterior  end.  The 
ampulla  of  the  horizontal  canal  opens  near  that  of  the 
anterior  vertical  canal.  The  horizontal  canal  then  curves 
outwards  in  a lateral  expansion  of  the  capsule,  and,  com- 
pleting the  half  circle,  enters  the  utricle  near  the  ampulla 
of  the  posterior  vertical  canal.  The  auditory  nerve, 
which  enters  the  capsule  on  the  side  turned  to  the 
skull,  breaks  up  into  branches  which  pass  to  the 
ampullae  and  to  the  vestibule. 


CHAPTER  XVII 


THE  FROG 


HE  frogs  and  toads  belong  to  a group  of  vertebrates 


known  as  amphibia,  and  specially  characterised  by 
the  fact  that  their  respiration  is  effected  both  by  gills  and 
by  lungs.  In  them  all  the  gills  appear  first.  In  some  of 
the  lower  amphibia  the  gills  persist  even  after  the  lungs 
have  come  into  use.  In  most  cases  the  gills  are  confined 
to  a larval,  fully  aquatic  stage,  the  tadpole  stage  in  the 
frog,  while  the  lungs  are  the  organs  of  respiration  in  the 
adult  condition.  In  the  larval  condition,  and  in  the 
adults  of  some  forms  like  newts,  there  is  a fish-like 
lateral  line  with  sensory  organs,  and  unpaired  dorsal, 
ventral,  and  caudal  fins.  In  the  frogs  and  toads  these 
disappear  in  the  adult,  and  locomotion  is  effected  by 
jointed  fore  and  hind  limbs,  which,  unlike  the  paired  fins 
of  fishes,  are  broken  up  into  arms,  wrists,  and  hands,  or 
legs,  ankles  and  feet,  and,  like  the  paired  fins,  are  attached 
to  the  pectoral  and  pelvic  girdles. 

There  are  probably  several  species  of  frogs  native  to 
this  country.  Of  these  the  most  common  is  the  grass 
frog,  Rana  tcmporaria^  which  may  be  distinguished  at 
once  by  a large  black  patch  in  tke  temporal  region 
between  the  eye  and  the  shoulder.  Rana  esculcnta^ 
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the  green  water  frog,  is  usually  lighter  in  colour,  and  is 
a larger  animal.  It  is  not  so  abundant  in  this  country,  or 
from  its  more  aquatic  habits  is  less  often  obtained.  The 
colour  of  the  skin  in  both  species  is  due  to  the  presence 
of  branching  cells  loaded  with  pigment.  Under  the 
influence  of  light,  and  apparently  of  differences  in  the 
colour  of  the  environment,  these  pigment  corpuscles 
change  in  shape  and  distribution,  so  that  the  resulting 
colours  more  or  less  correspond  to  the  colours  of  the 
environment.  These  changes  are  to  a certain  extent 
under  the  influence  of  the  central  nervous  system,  and 
frogs  which  have  been  blinded  are  stated  not  to  undergo 
them. 


EXTERN.'\L  CHARACTERS. 

The  body  is  divided  into  a head,  trunk,  and  limbs. 
The  skin  is  moist  and  smooth  and  devoid  of  hairs  or 
scales.  The  mucus,  secreted  by  the  skin,  is  harmless  in 
frogs.  In  the  nearly  allied  toads  it  is  slightly  poisonous 
and  irritant.  In  both  cases  it  serv'es  as  a protection 
against  the  attacks  of  other  animals,  especially  of  such 
marauding  insects  as  ants  in  the  case  of  the  land  forms, 
and  against  parasitic  ticks  and  growths  of  hydroids  in  the 
aquatic  stages.  The  head  is  flat  and  triangular  ; at  each 
side  it  bears  the  large  eyes  protected  by  an  upper,  fixed 
eyelid  and  a lower,  transparent,  movable  eyelid.  Behind 
the  eye  on  each  side,  in  Rana  temporaria  in  the  middle  of 
the  black  temporal  patch,  is  a flat  circular  membrane, 
stretched  tightly  over  a marginal  ring.  This  is  the 
tympanic  membrane. 

Apertures.  The  mouth  is  a wide  horizontal  slit  at  the 
anterior  end.  The  external  nostrils  are  a pair  of  small 


THE  FROG 


231 


apertures  on  the  dorsal  surface  of  the  head  near  the 
anterior  end,  which  during  life  are  constantly  being 
opened  and  closed.  The  cloacal  aperture  is  a small  hole 
at  the  posterior  end  of  the  trunk,  between  the  legs,  but 
on  the  dorsal  rather  than  the  ventral  surface  of  the 
body. 

Buccal  cavity.  This  must  be  opened  widely  and 
washed  out.  If  the  frog  has  just  been  killed  some  of  the 
cells  should  be  scraped  off  the  posterior  part  of  the  roof 
and  examined  in  water  under  the  microscope,  that  their 
ciliary  motion  may  be  seen. 

The  maxillary  teeth  are  a single  row  of  small  teeth 
lining  the  edge  of  the  upper  jaw  ; the  lower  jaw  is  devoid 
of  teeth.  The  vomerine  teeth,  in  Rana  csculcnta^  are 
arranged  in  two  small  clusters  on  the  roof  of  the  mouth 
between  the  internal  nasal  openings.  In  Rana  tcinporaria 
they  are  smaller,  and  form  oblique  patches  diverging  in 
front,  but  in  the  same  region. 

The  posterior  nares  are  two  small  apertures  in  the  roof 
of  the  mouth  communicating  with  the  exterior  through 
the  external  nostrils. 

The  eustachian  tubes  (Fig.  59.  e)  are  recesses  in  the 
sides  of  the  posterior  part  of  the  roof  of  the  mouth. 
They  lead  into  the  cavity  under  the  tympanic  membrane. 

The  eyeballs  may  be  seen  projecting  into  the  cavity  of 
the  mouth  at  each  side. 

The  tongue  is  a thin  fleshy  protuberance  attached  to 
the  front  part  of  the  floor  of  the  mouth,  and  forked  at  its 
extremity.  In  the  condition  of  rest  it  lies  folded  back  on 
the  floor  of  the  mouth,  but  may  be  shot  out  forwards. 

The  glottis,  by  which  air  passes  through  the  larynx 
into  the  lungs,  is  a longitudinal  slit  in  the  floor  of  the 
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posterior  part  of  the  mouth,  and  is  supported  laterally 
by  the  arytenoid  cartilages. 

SKKLETOX. 

The  skeleton  of  the  frog  should  be  studied  before  the 
dissection  of  the  viscera  is  undertaken.  The  skeleton 
of  the  frog  presents  a great  advance  on  that  of  the 
dog-fish,  as  there  are  in  addition  to  pure  cartilage 
and  to  cartilage  hardened  by  deposits  of  calcareous 
matter  a number  of  true  bones ; especially  in  the  case 
of  the  skull  many  of  these  bones  may  be  picked  off  as 
if  they  were  bony  plates  plastered  upon  a cartilaginous 
framework.  The  skeleton  should  be  studied  in  a speci- 
men carefully  cleaned  and  kept  in  spirit,  as  well  as  by 
the  dissection  of  a fresh  specimen. 

The  vertebral  column.  The  vertebrae  are  fully  ossified, 
and  are  attached  to  each  other  by  special  articular  pro- 
cesses, while  the  adjoining  faces  of  the  centra  are  covered 
by  cartilaginous  discs.  In  most  of  them  these  discs  are 
hollowed  out  in  front,  and  with  these  hollows  the  bulging 
posterior  ends  of  the  vertebrae  next  in  front  articulate. 
Such  centra,  hollow  in  front,  are  called  procoelous. 
Owing  to  the  complete  separation  of  the  vertebrae  the 
notochord  is  not  continuous  as  in  the  dog-fish,  but 
within  each  centrum  remains  of  it  persist,  surrounded  by 
a definite  sheath. 

There  are  nine  separate  vertebra:  and  a long  bone  behind, 
the  urostyle,  which  is  articulated  by  two  facets  to  the 
ninth  vertebra,  and  which  represents  a number  of  pos- 
terior vertebrae  fused  together.  Thus  the  vertebral  column 
of  the  frog  exhibits  not  only  segmentation,  but  the 
partial  fusion  and  telescoping  of  some  of  the  segments. 
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Each  of  the  vertebra  bears  a dorsal  arch,  enclosing  the 
spinal  cord  and  carrying  a short  backwardly  directed 
spine  above,  and  at  each  side  a horizontal  articular  process. 
Each  of  the  articular  pro- 
cesses has  two  articular 
facets  ; the  anterior  facets 
look  downwards,  the  pos- 
terior facets  upwards,  and 
the  downward  facets  over- 
lap the  upward  facets  of 
the  vertebra  next  behind. 

Each  vertebra,  except  the 
first,  or  atlas,  has  at  each 
side  a stout  transverse  pro- 
cess, with  which  is  indis- 
tinguishably  fused  a short 
rudimentary  rib.  The 
transverse  processes  of  the 
last  free  vertebra  are  very 
stout,  and  at  their  outer 
ends  articulate  with  the 
tips  of  the  iliac  bones. 

It  is  called  the  sacral 
vertebra. 

The  urostyle  has  a dorsal 
ridge  for  the  first  half  of 
its  length,  and  the  neural 
canal  extends  into  it  for 


Fig.  56. — I.  Three  Anterior 
Vertebra;  of  Frog  from  dorsal  as- 
pect. 1.  Atlas  ; 2.  and  3,  second 
and  third  vertebra?.  S.  Spine. 
R.  Ribs.  P.  Posterior  down- 
turned  face  of  articular  process. 
A.  Anterior  upturned  face. 

II.  Hyoid  of  P'rog.  H.  Rody 
of  Hyoid.  AC.  Anterior  cornu. 
P.C.  Posterior  cornu. 

about  the  same  distance. 

The  skull  of  the  frog  is  at  first  sight  very  different  from 
that  of  the  dog-fish,  but  careful  study  of  tbe  tadpole,  the 
fish-like  stage  of  the  frog,  has  shown  that  in  the  course 
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of  development  the  skull  passes  through  a cartilaginous 
stage  in  which  it  is  a shallow  box  imperfect  above,  with 
nasal  capsules  wedged  into  it  in  front,  and  with  ear- 
capsules  wedged  into  it  behind,  scooped  out  at  the  sides 
to  form  orbits  for  the  eyes,  and  with  a series  of  gill-arches 
below.  The  changes  from  this  dog-fish  like  condition  to 
the  adult  condition  are  comparatively  simple.  The  jaws, 
which  in  the  dog-fish  were  entirely  under  the  skull,  and 
did  not  reach  the  anterior  end,  are  expanded  into  great 
half-hoops,  which  project  beyond  the  anterior  end  of  the 
cranium  in  front  and  behind,  and  are  so  much  wider 
than  the  skull  that  the  suspensorium  is  formed  by  struts 
thrown  outwards  from  the  region  of  the  auditory  capsule 
to  serve  as  articular  supports.  The  upper  jaw  in  front, 
instead  of  being  merely  slung  to  the  base  of  the  skull  by 
ethmopalatine  ligaments,  is  firmly  united  with  the  base 
of  the  skull.  So  far,  the  skull  may  be  compared  in  shape 
to  a cross-bow.  The  cartilaginous  cranium  and  the 
vertebral  column  behind  it  represent  the  line  of  the  stock 
of  the  bow.  The  upper  and  lower  jaws  represent  the  actual 
bow  when  bent  to  a half-hoop,  and  the  struts,  running 
out  from  the  hind  end  of  the  auditory  capsules  to  the 
angles  of  the  jaw,  represent  the  string  of  the  bow. 

The  branchial  arches,  except  the  first  which  forms  the 
jaws,  are  united  together  to  form  a flat  plate,  the  hyoid 
plate,  which  lies  uiuler  and  between  the  lower  jaws. 

Next,  definite  cartilage  bones  are  formed  in  various 
regions  of  tire  cartilaginous  skull,  and  lastly  various 
membrane  bones,  really  former!  by  the  ossification  into 
flat  plates  of  the  bony  bases  of  scale-teeth,  like  those  of 
the  dog-fish,  are  plastered  over  the  underlying  structures 
in  various  regions. 
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The  description  to  follow  should  be  compared  carefully 
with  a prepared  skull ; then  the  skull  of  a freshly-killed 
frog  should  be  skinned,  plunged  for  a few  minutes  in 
nearly  boiling  water,  and  carefully  cleaned  by  brushing  and 
scraping.  The  membrane  bones  should  first  be  examined 
and  removed,  and  then  the  general  structure  of  the 
cartilage  and  the  cartilage  bones  studied. 

Membrane  Bones  of  the  Skull. — The  fronto-parietals 
are  a pair  of  elongate  flat  plates,  united  by  a suture 
along  the  middle  line,  and  forming  the  roof  of  the 
greater  part  of  the  brain  case. 

The  nasals  are  a pair  of  flat  triangular  bones  lying 
behind  the  nostrils,  on  the  front  part  of  the  roof  of  the 
skull. 

The  squamosals  are  a pair  of  T'Shaped  bones  behind 
and  to  the  inside  of  the  tympanic  membrane.  The 
long  arm  of  the  ”P  projects  outwards  and  backwards,  and 
forms  the  dorsal  covering  of  the  suspensorium.  One  end 
of  the  cross-limb  of  the  “|"  reaches  the  posterior  edge  of 
the  top  of  the  skull,  the  other  projects  outwards  and 
forwards. 

The  premaxillary  bones  are  two  bones  united  in  the 
middle  line,  and  together  forming  the  anterior  part  of 
the  upper  jaw.  Each  consists  of  a lower  plate  bearing  a 
single  row  of  teeth,  and  an  ascending  process  which 
forms  a movable  articulation  with  the  nasal  cartilage. 

The  maxillae  are  two  elongated  curved  bones,  each 
of  which  unites  in  front  with  one  of  the  premaxillae,  and 
so  continues  the  outline  of  the  upper  jaw.  Behind,  the 
maxillae  unite  with  the  quadrato-jugals,  which  overlap 
them  on  the  outer  side.  The  maxillae  bear  a single  row 
of  teeth. 
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The  quadrato-jugals  are  a pair  of  slender  bones  which 
complete  the  outline  of  the  upper  jaw  behind  ; their 
broader  posterior  ends  form  part  of  the  articular  surface 
tor  the  lower  jaw.  They  have  no  teeth. 

The  parasphenoid  is  a dagger-shaped  bone  which  lies 
on  the  under  surface  of  the  skull,  nearly  opposite  the 


P 


Fig.  57. — Skull  of  Frog  (cartilage  clotted,  membrane  bones  light, 
cartilage  Irones  darker).  Ventral  view  : membrane  bones  of  the  right 
side  stripped  off.  P.  Frcmaxilla.  M.  Maxilla.  J.  Quadrato-Jugal.  Pt. 
Pterygoid  with  cartilaginous  pterygoid  below  it.  PI.  Palatine.  V.  Vomer. 
P.O.  Pro-otic.  E.O.  Exoccipital.  Q.  Quadrate  (suspensoiium).  E. 
Sphenethmoid.  (I’artly  after  Ecker.) 

fronto-parietals.  The  handle  of  the  dagger  is  very  short, 
and  nearly  reaches  the  lower  edge  of  the  foramen 
magnum.  The  guard  or  cross-piece  underlaps  the  audi- 
tory capsule  of  each  side.  The  blade  points  forwards 
and  ends  in  the  middle  line,  on  a level  with  the  front  of 
the  orbits. 
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The  vomers  are  a pair  of  small  bones  on  the  under 
surface  of  the  front  part  of  the  skull,  just  behind  the 
internal  nostrils,  and  so  nearly  opposite  the  nasals.  Each 
bears  a small  plate  which  carries  teeth. 

The  palatines  are  a pair  of  small  narrow  bones  on  the 
under  surface  running  at  right  angles  to  the  long  axis  of 
the  skull  from  behind  the  vomers  to  the  maxillse. 


Fig.  58. — Skull  of  Frog  (cartilage  clotted,  membrane  bones,  shaded 
light,  cartilage  bones  darker).  Dorsal  view  : membrane  bones  of  right 
side  stripped  off.  P.  Premaxilla.  M.  Maxilla.  S.  Squamosal.  F.P. 
Fronto-parietal.  N.  Nasal.  E.  Sphenethmoid.  E.O.  Ex-occipital. 
P.O.  Pro-otic.  (Partly  after  Ecker.) 

The  pterygoids  are  a pair  of  curved,  three-armed  bones 
partly,  but  not  wholly,  of  membranous  origin.  The  shortest 
arm  is  internal,  and  ends  beside  the  front  edge  of  the 
guard  of  the  parasphenoid.  The  longest  arm  runs  for- 
wards and  meets  the  outer  tip  of  the  palatine,  and  for 
some  distance  behind  this  is  in  contact  with  the  inner 
edge  of  the  maxilla,  but  leaves  the  maxilla  before  that 
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meets  the  quadrato-jugal.  The  third  or  outer  arm  runs 
from  the  junction  of  the  inner  and  anterior  arms  along 
the  ventral  surface  of  the  suspensorium,  and  its  tip  forms 
a small  part  of  the  articular  surface  for  the  lower  jaw. 

The  articular  bone  at  each  side  forms  the  hinder  and 
lower  part  of  the  lower  jaw. 

The  dentary  of  each  side  forms  the  part  of  the  lower 
jaw  in  front  of  the  articular,  but  the  two  dentaries  do  not 
meet  in  front.  Notwithstanding  their  name,  the  dentaries 
do  not  carry  teeth  in  the  frog. 

When  these  membrane  bones  have  been  stripped  off, 
the  true  cartilaginous  skull  becomes  visible.  It  is  seen 
to  be  an  unsegmented  cartilaginous  tube  with  the  carti- 
laginous sense  capsules  stuck  in  at  the  sides.  It  is 
imperfect  above,  there  being  under  the  fronto-parietals 
one  large  anterior  fontanelle  and  two  small  posterior 
fontanelles.  In  three  regions  the  cartilage  of  the  skull  is 
replaced  by  cartilage  bones. 

Cartilage  and  Cartilage  Bones  of  the  Skull. — The  ex- 
occipitals  are  two  irregular  bony  masses  at  the  posterior 
end  of  the  skull,  almost  completely  surrounding  the  fora- 
men magnum.  On  their  posterior  faces  they  bear  the 
occipital  condyles,  two  oval  convex  processes  which 
articulate  with  the  atlas  or  first  vertebra. 

The  pro-otics  are  a pair  of  irregular  bones,  forming 
part  of  the  anterior  walls  and  the  roof  and  floor  of  the 
auditory  capsules. 

The  sphenethmoid  or  girdle  bone  is  a bony  tube  form- 
ing the  anterior  end  of  the  cranium  ; it  extends  forwards 
into  the  olfactory  region.  It  is  provided  with  a vertical 
boil)'  partition  which  separates  the  cavities  for  the  right 
and  left  olfactory  lobes  of  the  brain. 
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The  upper  jaw  consists  entirely  of  a cartilaginous  arch 
overlaid  by  the  membrane  bones  which  have  been  de- 
scribed. 

The  lower  jaw  also  is  a cartilaginous  arch  overlaid  by 
membrane  bones.  The  upper  part  of  the  arch  at  each 
side  is  a rod  of  cartilage,  the  quadrate,  which  fonus  the 
suspensorium  by  which  the  jaw  is  suspended  to  the  skull. 
Its  upper  end  is  fused  with  the  auditory  capsvde,  and 
runs  downwards  and  backwards  to  the  angle  of  the 
mouth,  where  the  quadrate -jugal  meets  it.  The  squa- 
mosal and  pterygoid  bones  cover  it,  and  the  cartilaginous 
part  of  the  pterygoid  meets  it.  The  lower  part  of  the 
arch  at  each  side  forms  what  is  called  Meckel’s  cartilage. 
The  inner  and  lower  surface  of  this  is  ossefied  as  the 
angulosplenial  bone,  while  another  small  bone,  the  mento- 
meckelian,  lies  at  the  point  where  the  lower  jaws  of  each 
side  meet  in  front. 

In  the  frog  the  gill-arches  are  greatly  modified,  owing 
to  the  disappearance  of  the  gill-slits  in  the  adult  condition. 

The  first  or  mandibular  arch  forms  the  quadrate  and 
the  upper  and  lower  jaws. 

The  tip  of  the  second  or  hyoid  arch  at  each  side  is 
separated  off  to  form  the  columella  or_  ear-bone.  This 
is  a rod  partly  bony,  partly  cartilaginous,  the  inner  end 
of  which  is  inserted  into  the  fenestra  ovalis,  a cavity  in 
the  outer  wall  of  the  auditory  capsule.  The  other  end  of 
the  columella  runs  out  to  be  attached  to  the  inner  side 
of  the  tympanic  membrane. 

The  rest  of  the  hyoid  arch  and  the  remains  of  the 
branchial  arches  are  fused  into  a median  ventral  plate 
with  anterior  and  posterior  horns,  which  lies  in  the  floor 
of  the  mouth  between  the  lower  jaws.  The  anterior 
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cornua  are  a pair  of  slender  rods  of  cartilage  attached  by 
their  lower  ends  to  the  median  plate,  and  by  their  upper 
ends  to  the  auditory  capsule  just  below  the  attachment  of 
the  columella.  The  posterior  cornua  are  a pair  of  stout 
bony  processes  diverging  backwards  from  the  hinder 
border  of  the  body  of  the  hyoid. 

Skeleton  of  the  G-irdles.  The  pectoral  girdle  consists  of 


Fig.  59. — Diagrammatic  Section  through  Head.  Skeleton  closely 
dotted.  B.  Ilrain.  L.  Internal  ear  with  membranous  labyrinth  (very 
diagrammatic).  C.  Columella.  T.  Tympanic  membrane.  R.  Annulus 
tympanicus.  E.  Eustachian  tube.  m.  Mouth,  h.  Hyoid,  a.  Upper 
jaw.  b.  Lower  jaw, 

two  half-hoops  of  cartilage  united  b}^  ligament  at  their 
upper  ends  to  the  vertebral  column,  and  by  their  lower 
ends  to  the  sternum  or  breastplate.  Each  is  divided  by 
the  articular  cavity  for  the  limb  bone  into  an  upper  or 
Scapular,  and  a lower  or  coracoid  portion. 

The  scapular  part  consists  of  a broad,  curved,  cartilagi- 
nous plate  above,  the  supra-scapula,  and  a lower  narrower 
bony  portion,  the  scapula,  which  runs  down  to  the  articu- 
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lar  cavity.  The  coracoid  consists  of  an  anterior  and 
posterior  ])ortion  separated  by  the  coracoid  foramen. 
The  anterior  part  is  the  precoracoid,  a slender  bar  of 
cartilage  which  is  covered  by  the  clavicle,  a membrane 
bone.  The  posterior  part,  or  coracoid  proper,  is  a stout 
bone  narrow  in  the  middle,  and  stretching  from  the 
articular  cavity  to  a wide  attachment  to  the  sternum. 
The  sternum  is  a median  segmented  flattened  rod 
originally  composed  of  two  pieces  which  have  fused 
together  in  the  middle  line.  The  anterior  segment,  or 
episternum,  is  a plate  of  cartilage  projecting  in  front. 
The  second  segment,  the  omosternum,  is  a narrow  median 
bone  projecting  in  front  of  the  coracoid.  The  third 
segment  is  composed  of  two  lateral  cartilaginous  pieces, 
the  epicoracoids,  fused  together  in  the  middle  line  and 
attached  at  their  outer  surfaces  to  the  coracoid.  The 
fourth  segment,  the  sternum  proper,  is  a broad  bony  rod 
projecting  behind  the  coracoid  region.  The  fifth  segment, 
the  xiphisternum,  is  a flat  plate  of  cartilage. 

The  pelvic  girdle  of  the  frog  is  much  modified  in 
association  with  the  jumping  habits  of  the  animal. 
Instead  of  being  at  right  angles,  it  makes  an  acute  angle 
with  the  backbone.  On  the  outer  surface  at  each  side 
the  girdle  is  divided  by  the  acetabulum,  the  articular 
surface  for  the  limb,  into  an  upper  or  iliac  portion,  and 
a lower  or  ischio-pubic  portion. 

d'he  ilium  forms  the  upper  portion  of  the  arch  at  each 
side.  Its  antcric^r  end  is  attached  to  the  sacral  rib.  Its 
posterior  end  forms  part  of  the  acetabulum,  and  the  two 
ilia  meet  together  at  their  inner  posterior  ends  to  form 
the  iliac  symphisis.  The  ilium  is  bony. 

The  ischio-pubic  or  ventral  portion  of  the  girdle  con- 
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sists  of  a posterior  part,  the  ischium  corresponding  to 
tire  coracoid,  and  an  anterior  portion,  the  pubes  corre- 
sponding to  the  pre-coracoid.  These  are,  however,  closely 

united  together,  and  with  the 
hinder  end  of  the  ilia. 

The  ischium  forms  the  pos- 
terior part  of  the  ventral  divi- 
sion of  the  girdle  at  each  side. 
The  iscbia  form  a large  part  of 
the  acetabulum,  and  the  two  are 
united  in  the  middle  line  to  form 
the  ischial  symphisis. 

The  pubes  form  the  anterior 
portions  of  the  ventral  division 
of  the  girdle.  They  are  fused 
in  the  middle  line  in  the  pubic 
symphisis,  and  they  form  a very 
small  part  of  the  acetabula. 

Skeleton  of  the  limbs.  The 
limbs  of  all  vertebrates  which 

I'lG.  60.— Diagram  of  pQssess  them  are  built  on  the 
Vertebrate  Limb:  digits  ^ . 

i-v.— Leg : 1.  Femur.  2.  same  general  plan.  The  typical 

I iliia.  2 . 1‘ibula.  3.  Tiliiale,  structure  Consists  of  an  upper 
mtermedium,  filnilare.  4.  ‘ 

Ccntrale.  6.  Distal  tarsals.  rod,  the  humerus  (ill  arm)  or 

6.  Aletatarsals.  — Arm  : 1.  femur  (ill  leg)  articulated  at  the 
lliimcriis.  2.  Radius.  2.  v 

Ulna.  3.  Kadiale,  inter-  ujiper  end  with  the  girdle.  Then 

medium,  ulnare.  4.  Cen-  fQ^Q^y  two  parallel  rods,  the 
trale.  6.  Distal  carpals.  ^ ’ 

6.  Metacarpals.  radius  (arm),  or  tibia  (leg),  on 

the  side  next  the  body,  and 

the  ulna  (arm)  or  fibula  (leg)  on  the  side  remote  from 

the  body.  Next  come  three  rows  of  small  bones. 

carpals  (wrist),  tarsals  (ankle).  'J'he  first  row  has  three 
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bones,  the  radiale  or  tibiale,  at  the  end  of  the  radius  or  tibia, 
the  intermedium,  then  the  ulnare  or  fibulare,  at  the  end  of 
the  ulna  or  fibula.  The  second  row  consists' of  one  bone, 
the  centrale  ; the  third  row  of  five  bones,  the  distal  carpals 
(wrist),  distal  tarsals  (ankle).  Then  follow  the  digits  of 
the  hand  or  foot,  numbered  one  to  five,  beginning  with 
the  thumb  or  great  toe,  which  is  opposite  the  radius  or 
tibia  on  the  inside.  Each  digit  has  a long  bone,  the 
metacarpal  (hand),  metatarsal  (foot),  and  a number  of 
short  joints,  the  phalanges. 

The  arms  or  legs  of  all  vertebrates  are  based  upon  this 
type.  In  a very  few  cases  the  number  of  digits  is  in- 
creased, the  increase  taking  place  on  either  side.  In  most 
cases  the  change  from  the  type  consists  in  the  reduction 
of  the  number  of  the  digits  and  in  the  fusion  of  the  bones 
in  some  of  the  rows.  In  order  to  compare  any  animal 
with  the  type  it  should  be  put  in  the  primitive  position. 
For  instance,  in  the  case  of  man,  the  primitive  position 
of  the  limbs  is  attained  when  one  stoops  down  on  the 
hands  and  feet,  as  if  one  were  licking  up  water  from  a 
pool.  Then  the  elbows  project  outwards  and  backwards, 
the  thumbs  point  forwards,  being  on  the  inside  of  the 
hands,  and  the  radius  also  lies  on  the  inside  of  the  arm. 

Skeleton  of  the  forelimb.  i.  Humerus.  The  proximal 
end  or  head  is  enlarged,  and  articulates  with  the  glenoid 
cavity  of  the  pectoral  girdle.  The  distal  end  has  a rounded 
surface,  with  which  the  forearm  articulates.  2.  The  radio- 
ulna corresponds  to  the  typical  radius  and  ulna  fused  into 
a single  bone.  The  outer  side  corresponding  to  the  ulna 
projects  behind  the  articulation  with  the  humerus  as  the 
olecranon  or  elbow  process.  The  three  rows  of  carpals 
are  reduced  to  two.  The  first  row,  or  proximal  carpals. 
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has  three  bones,  the  second  or  distal  row  has  also  three, 
the  outer  one  being  v^ery  large.  There  are  five  inetacarpals. 
The  first,  corresponding  to  the  thumb,  is  very  small  and 
has  no  ])halanges  ; it  articulates  with  the  inner  distal 
carpal.  In  the  living  condition  it  does  not  protrude  be- 
yond the  skin,  and  so  the  frog  is  said  to  have  no  thumb. 
4'he  second  metacarpal  is  large,  and  articulates  with  the 
second  distal  carpal.  It  has  two  phalanges,  and  forms  the 
first  finger  of  the  frog,  which  in  the  male  bears  a large 
glandular  swelling  in  the  breeding  season.  The  third, 
fourth,  and  fifth  fingers  have  all  stout  metacarpals 
attached  to  the  large  distal  carpal,  and  bear  respectively 
two,  three  and  three  phalanges. 

Skeleton  of  the  hind  limb.  The  femur  is  the  bone  of 
the  thigh.  Its  rounded  head  fits  into  the  acetabulum  of 
the  pelvic  girdle  forming  the  hip-joint.  Its  broader  distal 
extremity  articulates  with  the  bone  of  the  lower  leg.  ddie 
tibio-fibula,  like  the  bone  of  the  forearm,  is  a single  struc- 
ture corresponding  to  a fused  tibia  and  fibula. 

The  ankle  also  is  reduced  to  two  rows  of  bones.  4'he 
upper  or  proximal  I'ow  consists  of  two  long  bones  sepa- 
rated from  each  other  in  the  middle,  touching  at  the 
ends.  The  bone  on  the  inner  or  tibial  side  is  the 
astragulus,  that  on  the  outer  side  is  the  calcaneum, 
corresponding  to  the  heel  bone  of  higher  animals.  The 
distal  row  of  tarsals  consists  of  two  very  small  bones. 
There  are  five  digits,  number  one,  the  great  toe  being  on 
the  inner  side,  aiul  actually  being  the  smallest  of  the 
five.  Each  has  a strong  metacarpal  bone  which  is 
followed  by  respectively  two,  two,  three,  four,  and  three 
phalanges. 

In  addition  there  is  a supernumerary  digit  consisting  of 
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Fig.  61. — Skeleton  of  Girdles  and  Limbs  of  Frop;.  Upper  left-hand 
figure:  Pectoral  Girdle.  SS.  Supra-scapula.  S.  .Scapula.  P.E.  Pre- 
coracoid witli  clavicle  (CL.)  overlying  it.  E.  Coracoid  proper.  1.  Epi- 
sternuin.  2.  Omostcrnum.  3.  lipicoracoid.  4.  Sternum  proper. 
6.  Xiphisternum. — Upper  right-hand  figure:  Arm  and  Hand  of  right 
side,  dor.sal  view.  H.  Humerus.  R.  U.  Radio-ulna.  P.C.  Proximal 
carpals.  D.C.  Distal  carpals.  M.C.  Metacarpal.^.  PH.  Phalanges. 
I.  f irst  digit  witli  no  phalanges. — Lower  left-hand  figure : Pelvic 
girdle  of  left  .side.  IL.  Ilium.  P.  Pubis.  IS.  Ischium.  AC.  Aceta- 
Ijulum. — Lower  right-hand  figure  : I^eg  and  Foot  of  right  side,  dorsal 
view.  F.  Femur.  RU.  Tibio- fibula.  A.  Astragulus.  O.C.  Os  calcis. 
D.T  Distal  tarsals.  MT.  Metatarsals.  PH.  Phalanges. 
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two  short  joints,  on  the  inner  side  more  internal  than  the 
great  toe. 


DISSECTION  OF  THE  FROCx. 

This  should  bo  performed  under  water,  the  frog  being 
laid  on  its  back  and  fastened  to  the  bottom  of  the  dis- 
secting dish  by  pins  through  the  limbs.  The  skin,  which 
is  loosely  adherent  to  the  underlying  parts,  being  sepa- 
rated from  them  by  the  lymph  spaces,  should  be  dissected 
off  the  ventral  surface  of  the  body.  The  position  of  the 
pectoral  girdle  should  be  determined,  and  the  anterior 
abdominal  vein  seen  through  the  body-wall  running 
along  the  mid-ventral  line.  The  abdominal  cavity  must 
be  opened  by  a slit  parallel  to  this  vein,  as  close  to  it  as 
may  be  done  without  injury,  and  the  cut  should  be  con- 
tinued forwards  through  the  pectoral  girdle,  which  may 
be  cut  with  scissors,  to  the  jaw,  and  backwards  to  the 
hinder  end  of  the  body.  Next,  the  abdominal  vein  must 
be  carefully  separated  from  the  body-wall  overlying  it, 
and  then  the  body-wall  at  each  side  should  be  pinned 
back,  short  transverse  incisions  being  made  at  the 
posterior  end  of  the  original  longitudinal  incision.  TIic 
abdominal  cavity,  as  in  the  dog-fish,  is  the  coelomic 
cavity,  and  the  viscera  arc  suspended  by  mesenteries  in 
it  exactly  in  the  same  fashion,  in  reality  lying  outside 
the  cavity.  The  heart,  enclosed  in  a delicate  pericardium, 
which  is  a separated  part  of  the  coelome,  lies  in  the 
anterior  region.  The  liver  is  a large  bilobed  organ,  dark- 
red  in  colour,  lying  partly  bcliind,  partly  at  the  sides  of 
the  heart.  At  the  sides  of  the  heart  and  dor.sal  to  the 
liver,  so  that  they  arc  concealed  by  it  from  the  ventral 
surface,  are  the  lungs,  a pair  of  thin-walled,  lobulatcd  sacs 
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which  may  be  dilated  with  air  by  blowing  through  a fine 
tube  passed  through  the  larynx  from  the  mouth.  Im- 
mediately behind  the  liver  may  be  seen  the  fat-bodies, 
two  bright  yellow  tufts  attached  to  the  dorsal  wall  of  the 
body-cavity  behind  the  kidneys,  and  specially  conspicuous 
in  autumn.  Behind  these,  the  greater  part  of  the  cavity 
is  occupied  by  the  coils  of  the  small  intestine,  while,  at 
the  posterior  end,  the  bladder  projects  as  a transparent 
thin-walled  sac  which  may  be  inflated  by  blowing  through 
a tube  passed  into  the  cloaca. 

In  males,  which  may  be  recognised  before  dissection 
by  the  glandular  swelling  on  the  index  finger,  the  testes 
appear  as  a pair  of  yellow,  oval  bodies,  attached  to  the 
dorsal  wall  of  the  abdominal  cavity.  In  females,  which 
are  usually  more  bulky  in  the  abdominal  region,  the 
greater  part  of  the  abdominal  viscera  are  concealed  by  the 
ovaries,  two  large  masses  of  small  black  and  white  eggs, 
and  the  oviducts,  two  much  convoluted,  white  tubes  with 
thick  walls,  lying  at  the  sides  of  the  abdominal  cavity. 

The  peritoneum  is  the  lining  membrane  of  the  body- 
cavity.  It  is  pigmented  in  places  and,  as  in  the  dog-fish, 
inpushings  of  its  walls,  caused  by  the  protrusion  of  the 
organs  into  the  cavity,  form  the  mesenteries. 

THE  ALIMENTARY  CANAL. 

The  oesophagus  is  a short  wide  tube  opening  into  the 
stomach,  which  is  a curved,  dilated  tube,  not  bent  to  form 
two  limbs  as  in  the  dog-fish,  and  separated  from  the 
intestine  by  a pyloric  constriction.  The  intestine  is 
much  longer  and  more  slender  proportionately  to  the 
size  of  the  animal,  and  has  no  spiral  valve,  the  necessary 
extent  of  absorbing  surface  being  giv^cn  by  the  increase 
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in  length.  Posteriorly  it  passes  into  the  dilated  rectum, 
which  opens  into  the  cloaca,  d'he  liver  has  a right  and 
left  lobe  and  a large  gall-bladder. 

d'he  bile  duct  is  a slender  duct  which  arises  both  from 
the  gall-bladder  and  from  the  right  and  left  lobes  of  the 
liver.  It  runs  through  the  substance  of  the  pancreas  to 
open  into  the  duodenum,  or  first  part  of  the  intestine, 
half-way  between  the  pylorus  and  a fibrous  ligament 
which  fastens  the  duodenum  to  a small  separate  lobe  of 
the  liver  lying  above  the  gall-bladder. 

The  pancreas  is  a whitish,  irregularly  lobed  mass  which 
lies  between  the  stomach  and  the  duodenum.  It  has 
numerous  ducts,  too  sm  ill  to  be  seen  in  dissection,  which 
open  into  the  bile  duct,  and  so  convey  the  pancreatic 
secretion  to  the  intestine. 

The  spleen  is  a small,  bright  red  organ  lying  in  the 
mesentery  near  the  anterior  end  of  the  rectum. 

THE  OKG.VXS  OF  RESPIRATION'  AND  CIRCULATION. 

The  condition  of  these  organs  in  the  adult  frog,  and 
the  modified  forms  of  them  present  in  reptiles,  birds,  and 
mammals,  can  be  best  understood  from  a consideration  of 
the  changes  which  take  place  when  the  tadpole,  the  fish- 
like stage,  passes  into  the  adult  stage.  The  condition  in 
the  tadpole  is  very  similar  to  that  in  the  dog-fish.  At 
each  side  of  the  head  si.x  gill-bars  appear.  The  first  of 
these  is  the  mandibular  bar,  and,  as  in  the  dog-fish,  this 
gives  rise  to  the  upper  and  lower  jaws.  The  second  is 
the  hyomandibular  bar,  the  succeeding  four  are  branch- 
ial bars,  one  pair  less  than  in  the  dog-fish.  'Fhe  tip 
of  the  hyomandibular  bar  forms  most  probably  the 
columella,  while  the  lower  part  unites  with  the  remains 
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of  the  branchial  arches  to  form  the  hyoid  apparatus  of 
the  adult  frog. 

There  are  five  gill-slits.  The  first,  corresponding  to 
the  spiracle,  never  opens  to  the  exterior,  and  the  mem- 
brane closing  its  end  is  generally  believed  to  become  the 
tympanic  membrane,  while  the  cavity  leading  into  the 
front  part  of  the  alimentary  canal  forms  the  eustachian 
Lube.  The  four  succeeding  gill-clefts  close  up,  being 
covered  by  an  opercular  membrane  which  grows  forwards 
over  them  from  the  hyo-mandibular  arch. 

While  the  gill-slits  are  open,  the  heart,  as  in  the  dog- 
fish, consists  of  an  S-shaped  contractile  tube,  the  dorsal 
and  posterior  aperture  of  which  receives  blood  from  the 
v'^eins,  while  the  ventral  and  anterior  end  is  continued 
forward  as  a truncus  arteriosus,  which  gives  rise  to  four 
afiferent  branchial  vessels  running  up  the  four  branchial 
bars  to  supply  the  gills.  From  these,  the  blood  is 
collected,  as  in  the  dog-fish,  by  four  pairs  of  efferent 
branchial  vessels  which  unite  behind  to  form  a systemic 
aorta,  coursing  along  the  body  immediately  under  the 
backbone.  From  the  front  part  of  the  ventral  surface  of 
the  alimentary  canal  a pair  of  pouches  grow  out  back- 
wards and  form  the  lungs.  They  are  supplied  with  blood 
from  a special  vessel  which  leaves  the  efferent  vessel  of 
the  fourth  arch  at  each  side. 

The  metamorphosis,  or  change  to  the  adult  condition, 
occurs  rather  suddenly.  The  blood,  instead  of  passing 
tbrough  the  capillaries  in  the  gills,  passes  directly  from 
the  afferent  to  the  efferent  arches  by  short  straight 
vessels  which  connect  them,  and  the  gills  and  the 
capillary  system  shrink  up.  There  are,  therefore,  at 
each  side  four  arches  corresponding  to  the  afferent  and 
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efferent  vessels,  passing  from  the  truncus  arteriosus  to 
the  systemic  aorta.  The  first,  or  most  anterior  of  these 
arches,  gives  rise  to  the  carotid  arteries  of  each  side, 
which  already  before  the  metamorphosis  have  become 
separated  into  an  external  and  an  internal  carotid.  The 
second  arch,  meeting  its  fellow  of  the  other  side,  forms  the 

systemic  aorta  of  the  adult. 
The  third  arches  disappear, 
while  the  fourth  arches  loose 
their  connection  with  the 
systemic  aorta,  and  are  con- 
tinued as  the  branches  to  the 
lungs  which  form  the  pul- 
monary arteries  of  the  adult. 
Meantime  the  originally  S- 
shaped  heart  becomes  broken 
up  into  chambers  by  parti- 
tions. 

The  heart  of  the  adult  must 
be  examined  by  opening  the 
pericardium  and  dissecting  it 
away  from  the  origins  of  the 
great  vessels.  Examination  of 
the  interior  cavities  must  be 
deferred  till  the  vessels  have 
been  examined,  when  the 
heart  may  be  removed  and  its  chambers  slit  open  under 
water  and  washed  free  from  blood. 

The  two  auricles  occupy  the  dorsal  and  anterior  part  of 
the  heart  ; they  arc  thin-walled  and  closely  applied  to  each 
other  and  to  the  ventricle,  round  which  they  are  wrapped. 
The  ventricle  is  the  conical  posterior  part  which  is  con- 


Fig.  62. — Heart  of  Frog;; 
dorsal  aspect.  V.  Ventricle. 
LA.  Left  auricle.  RA.  Right 
auricle.  SV.  Sinus  venosus. 
P.C.  Posterior  vena  cava  with 
hepatic  veins.  PV.  Pulmonary 
veins.  C.  Carolid.  A.  Sys- 
matic  aorta.  P.A.  Pulmonary 
artery. 
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tinned  forwards  as  the  truncus  arteriosus,  from  which  the 
great  vessels  arise.  The  sinus  venosus  is  a thin-walled 
sac  on  the  dorsal  surface  behind  the  auricles  ; the  three 
venae  cavae  open  into  it. 

When  the  sinus  venosus  is  cut  open,  it  is  seen  to  lead 
into  the  right  auricle  by  a wide  opening  in  its  anterior 
end.  This  opening  is  partially  guarded  by  a pair  of 
valves.  The  venous  blood  received  by  the  sinus  passes 
into  the  cavity  of  the  right  auricle,  from  which  it  is 
driven,  by  contraction  of  the  irregular  net-work  of 
muscles  in  the  wall,  into  the  right  side  of  the  ventricle. 
The  left  auricle  is  separated  from  the  right  auricle  by  a 
very  thin  partition.  It  receives  the  oxygenated  blood 
returned  from  the  lungs  by  the  pulmonary  veins,  and,  by 
contraction  of  its  wall,  which,  like  the  right  auricle,  is 
provided  with  a net-work  of  muscle,  the  blood  is  driven 
into  the  left  side  of  the  ventricle,  through  an  opening 
separated  from  the  right  auriculo-ventricular  opening  by 
a thin  valve  which  hangs  down  into  the  cavity  of  the 
ventricle.  The  ventricle  has  a thick,  muscular  wall,  the 
inner  part  of  which  is  spongy.  The  ventricle  opens  into 
the  pylangium,  or  first  part  of  the  truncus  arteriosus,  by  a 
circular  aperture  guarded  by  three  pouch-like  valves,  the 
openings  of  which  are  turned  away  from  the  v^entricle  so 
that  if  blood,  pumped  into  the  truncus  from  the  ventricle, 
attempted  to  flow  back  it  would  run  into  these  pockets, 
and  bulging  them  out  would  close  the  aperture. 

The  inner  wall  of  the  pylangium  has  a spiral  valve  at- 
tached along  its  length  and  hanging  freely  into  the  cavity. 
The  pylangium  is  continued  forwards  into  the  synangium, 
which  is  formed  by  the  united  bases  of  the  arterial  trunks. 
The  aperture  of  the  synangium  into  the  pylangium  is 
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guarded  by  three  pocket-shaped  valves,  the  openings  of 
which  are  directed  away  from  the  heart.  The  apertures 
into  the  pulmonary  arteries  are  immediately  behind  these 
valves.  The  wide  cavity  of  the  synangium  forks  in  front, 
and  is  continued  as  the  systemic  aortic  arch  of  each  side. 
A small  projecting  tongue  hangs  backwards  into  the 
cavity  from  the  angle  of  the  fork,  and  the  small  apertures 
of  the -carotid  arteries  lie  close  together  on  the  under 
surface  of  this  tongue. 

The  mechanism  by  which  the  streams  of  mixed  blood 
coming  from  the  ventricle  are  separated  to  their  proper 
trunks  is  very  complicated.  When  the  ventricle  con- 
tracts the  truncus  arteriosus  is  still  relaxed,  and  the 
impure  blood  from  the  right  side  of  the  heart  buo3'S  up 
the  spiral  valve  and  reaches  the  lower  or  pulmonary’ 
openings.  When  the  contraction  has  gone  on  further 
and  the  pure  blood  from  the  left  side  is  entering  it,  the 
truncus  begins  to  contract  and  the  free  anterior  edge  of 
the  spiral  valve  partly  occludes  the  apertures  into  the 
pulmonary  veins,  and  the  purer  stream  is  directed  spirally’ 
round  the  valve  forwards  to  the  aortic  arches  and  the 
carotids. 

The  Venous  System.  This  should  be  dissected  before 
the  arteries.  The  veins  can  be  distinguished  b}’  their 
thinner  walls,  through  which  the  contained  blood  is 
visible. 

The  right  and  left  vense  cavae  open  into  the  sides  of  the 
sinus  venosus,  and  are  formed  b}'  the  junction  of  three 
similar  veins  on  each  side. 

I.  The  external  jugular  vein  is  formed  b}’  the  junction 
of  the  lingual  vein  from  the  tongue  and  floor  of  the 
mouth,  and  the  mandibular  vein  from  the  lower  jaw. 
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2.  The  innominate  vein  is  formed  by  the  internal  jugular 
vein  from  the  interior  of  the  skull,  and  the  subscapular 
vein  from  the  back  of  the  arm  and  shoulder. 

3.  The  large  subclavian  vein  is  formed  by  the  musculo- 
cutaneous vein  from  the  skin  of  the  side  and  back,  and  the 
brachial  vein  from  the  arm. 

The  posterior  vena  cava  is  a median  vein  which  runs 
from  between  the  kidneys  from  which  it  returns  the 
blood  to  the  dorsal  part  of  the  liver  through  which  it 
runs  without  breaking  up.  On  its  emergence,  it  is  joined 
by  a right  and  left  hepatic  vein  and  then  enters -the 
posterior  end  of  the  sinus  venosus.  Between  the  kidneys 
and  liver  it  receives  at  each  side  a vein  from  the  genital 
organ. 

The  Hepatic  Portal  System.  The  greater  part  of  the 
blood  from  the  hind  limbs  is  returned  by  a femoral  vein 
at  either  side.  When  these  reach  the  pelvic  region  they 
break  up  into  a dorsal  and  a ventral  branch.  The  ven- 
tral branches  unite  and  form  the  anterior  abdominal  vein 
which  runs  forward  to  the  level  of  the  liver,  where  it 
divides  into  right  and  left  branches  which  break  up  in 
the  right  and  left  lobes  of  the  liver.  The  hepatic  portal 
vein  is  a large  vessel  which  returns  the  blood  from  the 
spleen  and  alimentary  canal.  It  divides  into  a small 
branch  which  breaks  up  in  the  left  lobe  of  the  liver  and 
a large  branch  which  joins  the  anterior  abdominal  vein 
before  that  splits  into  right  and  left  branches. 

The  Eenal  Portal  System.  The  dorsal  divisions  of  the 
femoral  veins  receive  each  a sciatic  vein  from  the  back  of 
the  thigh  and  small,  dorso-lumbar  veins  from  the  body- 
wall  ; then  they  run  forward  to  the  outer  side  of  the 
kidney  and  break  up  in  that  organ. 
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The  pulmonary  veins  return  the  blood  which  has  been 
oxygenated  in  the  lungs  to  the  left  auricle. 

The  Arterial  System.  The  tnincus  arteriosus  divides 
into  three  arches  at  each  side. 

The  carotid  arch  is  the  most  anterior,  and  runs  for- 
wards for  about  one-tenth  of  an  inch,  when  it  gives  off  a 
small  lingual  artery  to  the  tongue.  Immediately  beyond 
this  there  is  a small  spongy  expansion  of  its  wall,  called 
the  carotid  gland.  Beyond  this  a small  strand  of  tissue, 
the  ductus  Botalli,  runs  back  to  the  systemic  arch  ; it  is 
the  remains  of  the  original  connection  of  the  first  bran- 
chial efferent  vessel  with  the  systemic  aorta,  and  usually 
is  impervious,  though  as  an  abnormality  it  may  remain 
open.  The  carotid  runs  forwards  by  the  side  of  the 
oesophagus,  and  divides  into  the  external  carotid  which 
supplies  the  mouth  and  the  orbit,  and  the  internal  carotid 
which  enters  the  skull  and  supplies  the  brain. 

The  second  division  of  the  truncus  at  each  side  forms 
the  aortic  arch.  Each  gives  off  a laryngeal  artery,  several 
small  oesophageal  arteries,  an  occipito-vertehral  artery, 
and  finally  a large  subclavian  artery  which  supplies  the 
shoulder  and  forelimb.  Then  the  two  aortic  arches  meet 
over  the  alimentary  canal  nearly  at  the  anterior  level  of 
the  kidneys,  and  form  the  systemic  aorta.  From  this, 
immediately  after  the  junction,  arises  a large  median 
coeliaco -mesenteric  artery  which  divides  into  a cceliac 
branch  for  the  stomach,  liver  and  gall-bladder,  and  a 
mesenteric  artery  which  divides  into  anterior  and  posterior 
branches  for  the  anterior  and  posterior  parts  of  the  intes- 
tine, and  a short  splenic  branch  for  the  spleen.  While 
passing  between  the  kidneys,  the  aorta  gives  off  several 
paired  branches  to  them  and  to  the  genital  organs,  lumbar 
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arteries  to  the  body-wall,  and  a hsemorrhoidal  artery  to 
the  rectum.  When  it  emerges  from  between  the  kidneys 
it  divides  into  a right  and  left  iliac  artery,  each  of  which, 
after  giving  off  branches  to  the  bladder  and  to  the  ventral 
body-wall,  runs  down  the  leg  as  the  sciatic  artery. 

The  pulmo -cutaneous  arch  is  the  third  division  of  the 
truncus  at  each  side.  At  the  most  anterior  part  of  its 
course  before  it  bends  down  to  the  lung  each  gives  off  a 
large  cutaneous  branch  which  is  distributed  to  the  outer 
skin,  forming  a conspicuous  branching  system.  During 
winter,  while  the  frog  is  hibernating  in  the  mud  at  the 
bottom  of  ponds  and  ditches,  this  skin-branch  is  the  chief 
means  by  which  oxygen  is  obtained. 

As  in  the  dog-fish,  the  blood  consists  of  a fluid  plasma 
in  which  are  present  white  amoeboid  corpuscles,  and  oval 
nucleated  red  corpuscles,  the  colour  of  which  is  due  to  the 
presence  of  hcemoglobin. 

THE  URINO-GHNTTAI,  SYSTEM. 

In  the  frog,  as  in  the  dog-fish,  the  genital  organs  appear 
as  a pair  of  thickenings  in  the  dorsal  wall  of  the  coelome. 
The  excretory  organs  arise  as  a pair  of  head-kidneys,  each 
head-kidney  or  pronephros  consisting  of  three  nephridia 
opening  by  funnels  into  the  anterior  part  of  the  coelome, 
and  leading  into  a pronephric  or  segmental  duct  which 
runs  down  the  body,  unites  near  the  jiosterior  end  with 
its  fellow  of  the  other  siile,  and  then  ojiens  into  the 
cloaca.  Soon  after  the  tadj)oles  are  hatched,  the  mesone- 
phros appears  as  a number  of  segmentally  arranged  nephri- 
dia opening  into  the  body  cavity  by  ciliated  funnels  and 
into  the  segmental  duct  by  their  other  extremities.  At 
the  time  of  the  metamorphosis,  the  head-kidney  aborts 
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and  the  segmental  duct  splits  longitudinally,  forming  an 
anterior  part  which  extends  forward  in  the  body  nearly 
to  the  position  of  the  original  head-kidney  and  opens 
behind  into  the  second  part.  That  again  remains  in 
connection  with  the  mesonephros,  and  opens  behind  into 
the  cloaca.  The  anterior  division  of  the  original  duct 
undergoes  no  alteration,  in  the  adult  male.  In  the  female 
it  acquires  a large  opening  into  the  body-cavity  at  its 
anterior  end,  and  becomes  the  oviduct.  The  second  or 
mesonephric  part  of  the  duct  becomes  the  ureter  in  both 
sexes,  there  being  no  true  metanephros  established.  In 
the  male,  as  in  the  dog-fish,  the  sexual  products  pass  to 
the  exterior  through  the  mesonephric  ureter. 

The  Adult  Female.  The  ovaries  are  a pair  of  black 
masses  lying  in  folds  of  the  peritoneum  in  front  of  the 
kidneys.  In  spring  and  early  summer,  after  the  eggs 
have  been  discharged,  the  ovaries  are  small  ; in  autumn 
and  winter  they  increase  in  size,  and  numbers  of  ripe 
eggs  are  detached  from  them  and  occupy  the  body-cavity 
in  masses.  Very  early  in  spring,  when  sexual  union 
takes  place,  the  body  of  the  female  is  pressed  by  the 
male  so  that  the  eggs  are  forced  into  the  coelomic  funnels 
of  the  oviducts,  and,  finding  their  way  to  the  exterior, 
are  fertilised  as  they  leave  the  body. 

The  oviducts  are  a pair  of  much  convoluted  thick- 
walled  tubes  opening  behind  into  the  cloaca  by  two 
separate  apertures  on  the  dorsal  wall,  and  in  front  by 
funnels  into  the  coelome  close  to  the  anterior  ends  of  the 
lungs. 

The  kidneys  are  a pair  of  elongate,  reddish,  flattened 
bodies  lying  close  to  the  middle  line  on  each  side  of 
the  backbone.  The  ureters  are  a pair  of  slender  white 
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tvibes  running  from  the  outer  edges  of  the  posterior 
part  of  the  kidneys  to  the  dorsal  wall  of  the  cloaca  ; 
they  open  immediately  behind  the  oviducts  and  opposite 
the  opening  of  the  bladder  which  is  on  the  ventral 
wall  of  the  cloaca.  In  the  living  frog  the  bladder  contains 
fresh  water,  not  excretory  products. 

The  Adult  Male.  The  testes  are  a pair  of  rounded 
organs  lying  on  the  ventral  surface  of  the  kidneys.  The 
vasa  efferentia  are  a number  of  small  tubes  leading  from 
the  testes  to  the  inner  edges  of  the  kidneys  into  which 
they  pass,  enabling  the  spermatozoa  to  be  discharged 
through  the  ureters. 

The  kidneys  are  similar  to  those  of  the  female. 

The  ureters,  which  function  also  as  vasa  deferentia,  run 
from  the  outer  side  of  the  kidney  to  the  dorsal  wall  of  the 
cloaca,  into  which  they  open  opposite  the  opening  of  the 
bladder. 

The  vesicula  seminalis  is  a dilatation  of  the  outer  wall 
of  the  vas  deferens  or  ureter  of  each  side,  between  the 
kidney  and  the  cloaca. 


THK  NKKVOUS  SVSTKM. 

This  is  essentially  similar  to  that  of  the  dog-fish,  and  it 
should  be  compared  carefully  with  the  figures  and  notes 
made  while  that  was  being  dissected.  Owing  to  the 
greater  difficulty  of  dissecting  the  cranial  nerves  of  the 
frog,  the  elementary  student  is  recommended  not  to 
attempt  them  until  he  has  thoroughl}^  mastered  their 
arrangement  in  the  dog-fish.  The  dorsal  surface  of  the 
brain  should  be  exposed  by  removing  the  fronto-parietals, 
and  continuing  the  opening  by  removing  the  dorsal  surface 
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of  the  occipital  region  and  of  the  atlas.  Examination  of  the 
ventral  surface  must  be  deferred  until  the  cranial  nerves 
have  been  dissected. 

The  divisions  of  the  brain  are  the  same  as  in  the  dog- 
fish. The  olfactory  lobes  form  the  most  anterior  part. 
They  are  fused  together  in  the  middle  line  on  the  dorsal 
surface  and  from  their  anterior  ends  arise  the  olfactory 
nerves. 

The  prosencephalon  is  clearly  divided  into  two  cerebral 
hemispheres,  which  diverge  behind. 

The  thalamencephalon  is  a small  space,  partly  over- 
lapped by  the  ends  of  the  cerebral  hemispheres  in  front. 
It  is  covered  by  a vascular  choroid  plexus  through  which 
the  stalk  of  a small  pineal  body  passes.  The  pineal 
reaches  to  the  under  surface  of  the  skull. 

The  mesencephalon  has  a pair  of  very  large  optic  lobes, 
and  from  the  region  immediately  behind  them  the 
fourth  nerves  arise  from  the  dorsal  surface. 

The  cerebellum  is  an  exceedingly  small  transverse  band 
of  tissue  stretching  across  the  anterior  part  of  the  fourth 
ventricle. 

The  medulla  oblongata  is  relatively  large,  broad  in 
front,  and  tapers  behind  as  it  passes  into  the  spinal  cord. 
The  fourth  ventricle  is  roofed  over  by  a thin  vascular 
membrane  which  is  usually  torn  in  dissection.  From 
the  sides  of  the  medulla  the  fifth,  seventh,  eighth,  ninth 
and  tenth  nerves  may  be  seen  arising  by  three  roots. 
There  are  no  restiform  bodies. 

On  the  ventral  surface,  the  optic  chiasma,  as  in  the 
dog-fish,  occupies  the  ventral  surface  of  the  thalamence- 
phalon. Behind  it  is  a bilobed  infundibulum  from  which 
the  pituitary  body  extends  backwards  over  the  anterior 


26o 


OUTLINES  OF  BIOLOGY 


part  of  the  medulla,  as  an  elongate,  rounded  mass. 
Between  the  pituitary  body  and  the  infundibulum  the 
third  nerves  arise  from  the  ventral  surface  of  the  brain, 
and  the  sixth  nerves  arise  from  the  ventral  surface  of  the 
anterior  part  of  the  medulla. 

The  crura  cerebri  are  two  diverging  masses  of  fibres 
seen  behind  the  optic  lobes.  They  connect  the  cerebrum 
with  the  medulla  and  spinal  cord. 

The  cavities  of  the  brain  are  similar  to  those  in  the 
dog-fish,  and  receive  similar  names. 

The  Peripheral  Nervous  System.  As  in  the  dog-fish 
the  spinal  nerves  arise  by  dorsal  ganglionated  roots 
and  ventral  motor  roots.  These  unite  outside  the 
spinal  canal.  The  hypoglossal,  or  first  spinal  nerve, 
runs  forwards  to  the  muscles  of  the  tongue  and  floor 
of  the  mouth,  showing  that  the  process  of  cephalisa- 
tion  has  gone  on  further  in  the  frog  than  in  the  dog-fish. 
A notable  condensation  of  the  segmentation  of  the  spinal 
nerves  occurs  in  two  regions.  The  second  and  third 
spinal  nerves  unite  together  to  form  at  each  side  a large 
brachial  nerve  for  the  shoulder  and  arm.  The  seventh, 
eighth,  and  ninth  spinal  nerves  similarly  unite  at  each 
side  to  form  a large  sciatic  plexus  which  supplies  the 
hinder  limb  and  a large  portion  of  the  posterior  region 
of  the  bod}^ 

The  Cranial  Nerves. 

1.  The  olfactory  nerve  supplies  the  nasal  organ. 

2.  The  optic  nerve,  as  in  the  dog-fish,  is  an  outgrowth 
from  the  brain,  the  anterior  end  of  which  became  first 
the  optic  vesicle  and  then  the  retina. 

3.  4,  and  6.  The  third  nerve,  the  fourth  nerve  and  the 
sixth  nerve  have  origin,  course,  and  distribution  as  in  the 


THE  FROG 


261 


dog-fish,  but  from  their  minute  size  are  difficult  to  dissect 
in  the  frog. 

5.  The  fifth  nerve  is  the  most  anterior  of  those  arising 
from  the  side  of  the  medulla.  It  runs  forwards  within 
the  cranial  cavity  to  the  region  in  front  of  the  auditor}' 
capsule.  It  then  expands  to  form  a large  gasserian 
ganglion,  and  immediately  afterwards  passes  through 
the  skull-wall  into  the  orbit,  and  divides  into  two  main 
branches.  The  first,  or  ophthalmic  branch,  runs  along 
the  inner  wall  of  the  orbit,  passes  in  two  branches 
through  the  walls  of  the  nasal  capsule,  and  is  distributed 
to  the  forepart  of  the  head.  The  second  or  maxillo- 
mandibular branch  runs  outwards  behind  the  eyeball 
and  divides  to  supply  the  upper  and  lower  jaws. 

7.  The  seventh  or  facial  nerve  arises  from  the  side  of  the 
medulla  ne.xt  behind  the  fifth.  It  runs  forward  parallel 
to  the  fifth  nerve  to  the  gasserian  ganglion  with  which 
it  is  connected,  and  then  emerges  into  the  orbit  close 
behind  the  fifth.  There  it  divides  into  a palatine  branch 
which  runs  forwards  to  the  roof  of  the  mouth,  and  a 
hyomandibular  branch  which  forks  under  the  tympanic 
membrane,  first  giving  off  twigs  to  that  and  to  the  angle 
of  the  mouth.  The  anterior  branch  of  the  fork,  or 
ramus  mandibularis,  runs  along  the  floor  of  the  mouth 
just  inside  the  edge  of  the  lower  jaw  ; the  second 
branch,  or  ramus  hyoideus,  runs  along  the  floor  of  the 
mouth  deeper  down  and  supplies  the  muscles  of  the  hyoid. 

8.  The  auditory  nerve  arises  immediately  behind  and 
apparently  but  not  really  fused  with  the  seventh  ; it 
passes  at  once  into  the  auditory  capsule. 

9 and  10.  The  ninth,  or  glossopharyngeal,  and  the 
tenth,  the  pneumogastric  or  vagus  arise  together  from 
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the  side  of  the  medulla  more  posteriori}’.  The  two 
emerge  together  from  the  skull  behind  the  auditory 
capsule.  The  ninth  divides,  and  the  anterior  branch,  which 
runs  round  the  posterior  end  of  the  auditory  capsule, 
joins  the  seventh  nerve  in  front  of  the  columella  ; the 
posterior  branch  runs  downwards  and  forwards  to  the 
pharynx,  and  then  supplies  several  of  the  muscles  of  the 
tongue. 

The  tenth  nerve  enlarges  to  form  a ganglion  im- 
mediately outside  the  skull  ; it  then  runs  backwards 
through  the  body  giving  off  nerves  to  the  muscles  of  the 
back,  and  several  important  nerves  to  the  viscera. 
These  are  given  off  from  the  point  where  the  v’agus 
reaches  the  pulmonary  artery.  The  laryngeal,  or  re- 
current branch  of  the  vagus,  loops  round  the  pulmonary 
artery  close  to  its  origin  from  the  truncus,  and  then  runs 
forwards  again,  parallel  to  the  vagus  until  it  enters  the 
larynx  in  the  middle  line.  The  cardiac  branch  passes 
dorsal  to  the  pulmonary  artery  and  reaches  the  sinus 
venosus,  passing  over  the  vena  cava  anterior.  The 
branches  of  each  side  unite  and  pass  into  the  auricular 
septum.  The  pulmonary  branches  run  along  the  pul- 
monary arteries  to  the  lungs.  The  gastric  branches, 
two  at  each  side,  pass  to  the  walls  of  the  stomach. 

The  Sympathetic  System.  This  consists  at  each  side  of 
a longitudinal  ganglionated  trunk  extending  from  the 
gasserian  ganglion  in  the  skull  to  the  posterior  spinal 
nerve.  The  ganglia  are  connected  with  the  spinal 
nerves  and  give  off  numerous  networks  to  the  viscera, 
the  chief  of  which  are  a cardiac  plexus  over  the  auricles 
and  the  roots  of  the  great  vascular  trunks,  and  a solar 
plexus  over  the  stomach. 
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The  longitudinal  sympathetic  cord  at  each  side  starts 
from  the  gasserian  ganglion.  It  runs  backwards  and 
emerges  from  the  skull  with  the  ninth  and  tenth  nerves, 
being  connected  with  the  ganglion  of  the  vagus.  It 
then  runs  backwards  alongside  the  vertebral  column,  and 
has  a ganglion  in  connection  with  each  spinal  nerve  and 
several  in  connection  with  the  tenth  spinal  nerve.  In 
the  posterior  region  of  its  course  it  is  closely  attached  to 
the  side  of  the  systemic  aorta. 

THE  SENSE  ORGANS. 

In  the  tadpole  there  is  a lateral  line  with  definite  sense 
organs,  the  sensory  cells  of  which  are  surrounded  by 
projecting  cuticular  tubes.  In  the  adult  these  have 
degenerated  into  patches  of  mucus-forming  cells.  But, 
irregularly  placed  on  the  skin,  especially  on  the  fingers 
and  toes,  there  are  small  touch  bodies,  each  of  which 
consists  of  a transparent  cluster  of  flattened  cells,  richly 
supplied  by  nerve  fibres. 

The  mucous  membrane  of  the  tongue  and  roof  of  the 
mouth  contains  numerous  taste  bodies,  each  of  which 
consists  of  several  cells  with  forked  projecting  extremities 
and  inner  ends  in  connection  with  nerve  fibrils. 

The  eye  is  essentially  similar  to  that  of  the  dog-fish. 
But  the  cornea  is  more  curved,  and  between  the  cornea 
and  the  lens  is  a small  chamber  containing  aqueous 
humour.  The  choroid  coat  has  no  tapetum. 

The  nasal  organs  are  proportionately  smaller  and  must 
be  examined  by  microscopic  sections.  The  cavity  is 
constricted  into  three  divisions,  the  outer  of  which  com- 
municates with  the  nostrils,  the  inner  by  the  internal 
nares  with  the  buccal  cavity. 
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The  Ears.  The  internal  ear  is  essentially  similar  to  that 
of  the  dog-fish,  but  there  is  no  aqueductus  v'estibuli  in  the 
adult,  and  the  sacculus  is  more  distinct  from  the  utri- 
culus.  In  the  dog-fish  the  auditory  capsule  is  separated 
from  the  outer  world  only  by  the  outer  skin.  In  the 
frog  the  capsule  is  more  deeply  sunk  in  the  side  of  the 
head.  The  upper  part  of  the  hyomandibular  gill-cleft, 
which  opens  below  into  the  mouth  as  the  eustachian 
tube  and  which  is  closed  over  by  the  tympanic  mem- 
brane, forms  a middle  or  accessory  auditory  chamber. 
The  inner  wall  of  this  is  formed  by  the  outer  wall  of  the 
auditory  capsule,  and  in  this  there  is  a hole  into  which 
the  head  of  the  columella  fits.  The  columella  stretches 
across  to  the  tympanic  membrane  and  its  outer  end  is 
attached  to  that.  Thus  vibrations  of  the  tympanum  are 
transmitted  along  the  columella  and  by  its  inner  end  are 
transmitted  to  the  inner  ear.  In  higher  animals  this 
middle  chamber  in  turn  is  sunk  into  the  side  of  the  head 
and  so  the  tympanic  membrane  is  at  the  bottom  of  a 
cavity,  the  external  auditory  meatus,  which  is  surrounded 
by  the  shell  of  the  ear.  Thus  in  man,  the  frog  and  the 
dog-fish,  three  stages  of  elaboration  are  shown. 
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HE  animals  we  have  examined  form  in  a sense  an 


ascending  scale.  The  frog  is  higher  than  the  dog- 
fish, the  dog-fish  than  the  worm,  the  worm  than  hydra, 
and  hydra  than  amoeba.  No  doubt  each  of  them  is 
equally  fitted  to  the  circumstances  in  which  it  lives,  and, 
so  far  as  what  is  called  adaptation  to  its  environment 
goes,  each  is  equally  well  off,  and  the  frog,  for  instance, 
would  be  as  unable  to  occupy  the  place  of  amoeba  as 
amoeba  would  be  for  the  manner  of  life  of  the  frog. 
But  in  the  type  of  its  structure,  each  of  them  forms 
an  improvement  and  advance  on  the  one  next  below. 
Hydra  is  a colony  of  single  cells  which  are  specialised  and 
arranged  so  as  to  form  the  coelenterate  type  of  structure. 
The  coelomate  type  is  an  extension  and  improvement  on 
the  coelenterate,  while  among  the  coelomata  the  verte- 
brate type  is  composed  by  a series  of  alterations  of  and 
additions  to  a simple  invertebrate  type.  Among  the 
vertebrates  we  have  seen  that  the  type  on  which  the 
frog  is  built  is  in  many  respects  simply  an  improved  and 
altered  edition  of  the  dog-fish  type.  It  must  be  remem- 
bered, however,  that  we  have  examined  only  three  or 
four  out  of  the  multitude  of  forms  composing  the  animal 
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kingdom  ; and  each  kind  of  animal  in  addition  to  its 
ground-plan,  its  typical  structure,  has  an  immense 
number  of  individual  characters.  It  is  only  after  the  ex- 
amination of  a larger  number  of  animals  that  it  is  possible 
in  individual  cases  to  separate  the  structure  of  the  animals 
that  are  individual  peculiarities  from  the  structures  which 
characterise  its  type.  Every  one  has  seen  the  immense 
blocks  of  buildings  divided  into  hundreds  of  sets  of  flats 
that  are  now  being  erected  in  our  large  cities.  There  are 
generally  only  three  or  four  types  of  suites  of  rooms 
among  all  these  sets.  But  before  they  are  occupied  one 
may  see  a legend  on  a placard  stating  that  these  flats  will 
be  “ papered  and  decorated  to  suit  the  wishes  of  the 
tenants.”  When  this  has  been  done  the  different  tenants 
have  their  own  ideas  of  furniture,  of  arrangement  of 
pictures,  and  so  forth,  and  when  the  whole  block  is 
occupied  perhaps  only  an  architect  could  discern  among 
all  the  diversities  of  appearance  the  three  or  four  ground- 
plans  of  structure  that  exist.  The  animal  kingdom  in 
many  respects  is  like  this.  But  the  amoeba,  the  hydra, 
the  earthworm,  the  dog-fish,  and  the  frog,  have  been 
selected  because  they  are  representatives  of  the  leading 
types  of  structure  that  have  been  found  to  exist  among 
animals. 

The  embryological  development  of  an  animal  is  the 
series  of  changes  through  which  it  passes  from  its  first 
formation  to  its  arrival  at  the  adult  type.  It  will  be 
remembered  that  even  in  the  protozoa  there  were 
instances  of  changes  of  this  nature.  For  instance,  when 
Vorticella  reproduces  by  spore  formation,  the  tiny,  naked, 
nucleated  mass  of  protoplasm  that  emerges  through  the 
ruptured  spore-wall  bears  no  resemblance  to  the  adult 
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condition.  It  feeds  and  grows,  develops  cilia  and  swims 
about.  At  last,  however,  it  forms  a pharynx,  peristome, 
and  disc,  and,  becoming  fixed  by  a contractile  stalk,  settles 
down  as  an  adult  vorticella.  However,  the  young  cell 
creeping  out  of  the  spore  is  as  much  a cell  as  the  fully 
formed  complicated  animal.  In  the  embryological  de- 
velopment of  all  the  metazoa  the  set  of  changes  consists 
not  only  in  the  specialisation  of  cells,  but  in  their  multi- 
plication and  arrangement  in  definite  ways.  It  is  now 
known  that  animals  in  the  course  of  their  development 
pass  through  stages  corresponding  to  the  main  types  of 
structure  below  them.  Thus  the  sexual  development  of 
all  the  metazoa  begins  with  the  union  of  a male  cell,  or 
spermatozoon,  with  a female  cell  or  ovum.  This  corre- 
sponds to  the  conjugation  of  two  protozoa  before  spore 
formation.  Next,  by  division  of  the  cell  resulting  from 
the  fusion  of  the  male  and  female  cells,  a mas^  of  cells  is 
formed  sometimes  solid,  sometimes  hollow,  and  this  stage, 
the  blastosphere,  corresponds  to  a colony  of  protozoa.  Next 
the  blastosphere  turns  into  a two-layered  form  such  as 
the  gastrula.  The  eoelenterate  animals  do  not  rise  beyond 
this  in  type.  Hydra  is  a simple  modification  of  it,  and 
the  other  coelenterates  are  simply  complications  of  the 
gastrula  type.  Next,  the  gastrula  becomes  coelomate  by 
the  formation  of  the  middle  layer  and  the  coelome.  Then 
a number  of  different  courses  may  be  followed.  In  a 
typical  invertebrate  a leading  change  consists  in  the  con- 
centration of  the  ectodermal  nervous  layer  into  a brain,  a 
ring  round  the  oesophagus,  and  a-  ventral  ganglionated 
chain.  In  the  typical  vertebrate  the  ectodermal  nerv'ous 
layer  becomes  concentrated  into  a brain  and  dorsal  nervous 
tube,  while  a skeletal  structure,  the  notochord,  appears 
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between  the  gut  and  the  dorsal  nerve  tube.  At  the  same 
time  the  front  end  of  the  alimentary  canal  becomes 
modified  in  connection  with  respiration  by  the  forma- 
tion of  gill-slits. 

We  shall  now  consider  the  essential  elements  of  the 
process  of  development  in  greater  detail,  keeping  specially 
in  mind  the  vertebrate  type,  because,  as  the  highest,  it 
includes  the  leading  features  of  lower  types. 

Naturally  we  begin  with  the  sexual  cells.  The  testes 
and  ovaries  are  situated  in  different  places  in  different 
animals.  They  are  among  the  earliest  organs  that  appear 
in  dev^elopment.  In  some  cases  the  fertilised  egg-cell 
at  its  first  division  separates  into  one  cell  that  forms  the 
general  body  of  the  animal  and  one  cell  that,  by  subse- 
quent division,  forms  the  ovary  or  the  testis.  In  verte- 
brates, however,  the  genital  organs  are  not  visible,  perhaps 
not  actually  present  as  cells  until  the  middle  layer  of 
cells  has  appeared.  The  material  beginning  of  the  ovary 
or  testis  consists  of  a few  cells  with  large  nuclei  in  the 
dorsal  wall  of  the  coelome. 

The  testis  of  an  adult  consists  almost  always  of  an 
organ  composed  of  a number  of  tubes,  the  hollow  walls 
of  which  are  lined  by  cells.  As  these  give  rise  to  sper- 
matozoa they  may  be  called  sperm-mother-cells  (Fig.  64.1). 
Each  sperm-mother-cell  possesses  a nucleus  with  a 
definite  number  of  chromosomes.  In  the  case  repre- 
sented at  2 there  are  eight  of  these,  and  there  is  also  a 
centrosome.  The  sperm-mother-cell  divides  by  karyo- 
kinesis  first  into  two  cells,  and  then  each  of  these  into 
four.  But  in  this  process  no  longitudinal  splitting  of  the 
chromosomes  occurs,  so  that  each  of  the  four  cells  possesses 
only  two  of  the  original  eight  chromosomes.  Each  in  addi- 
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lion  possesses  a centrosome.  These  four  cells  are  called 
spermatoblasts,  or  young  spermatozoa,  and  by  a change 
of  shape  they  turn  into  fully-grown  spermatozoa.  1 he 
chromosomes  pass  into  the  resting  condition,  and  in 
vertebrates  form  a long,  narrow,  rather  flattened  mass 
which  is  known  as  the  head  of  the  spermatozoon.  1 he 
centrosome  is  attached  to  one  end  of  this,  and  is  known 


Fig.  64. — Diagram  of  Spermatogenesis.  1.  Primitive  sperm-molher- 
cell  from  wall  of  sperm-tube.  2.  Ripe  sperm-mother-cell  with  eight 
chromosomes.  3 and  4.  First  reducing  division.  5 and  6.  Second 
reducing  division,  a.  b.  c.  d.  Forms  of  adult  spermatozoa,  a.  Crus- 
tacean. b.  Man.  d.  Newt.  c.  Insect. 

as  the  middle  piece  of  the  spermatozoon.  Finally  the 
protoplasm  passes  entirely  to  the  end  of  the  centrosome 
which  is  not  next  the  nucleus  or  head,  and  forms  the  long 
waving  tail  by  which  the  spermatozoon  is  able  to  move 
actively  in  fluids.  The  sperm-cells  in  this  condition  are 
ripe  and  ready  to  leave  the  body  of  the  male.  In  lower 
animals  they  are  most  often  discharged  directly  into  the 
water  and  swim  about  until  they  meet  the  egg-cell,  which. 
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however,  usually  remains  in  the  body  of  the  parent.  In 
higher  animals  usually  they  are  passed  directly  into 
the  body  of  the  female  by  special  intromittent  organs, 
and  the  act  of  copulation  is  this  process.  The  sperm- 
cells  are  the  smallest  cells  of  animal  tissues,  and 
they  are  produced  in  immense  quantities  by  the  males. 
The  seminal  fluid  is  a partly  mucous,  partly  albuminous 
secretion  into  which  the  spermatozoa  pass,  and  a single 


Fig.  65. — Diagram  of  Ovogenesis.  A.  Primitive  ovum.  B.  Ripe 
ovum  with  eight  chromosomes.  C.  and  D.  First  reducing  division. 
2.  Polar  body.  E.  Second  reducing  division  of  polar  body  and  of  egg. 
F.  Ripe  egg. 

drop  of  semen  contains  many  hundreds  of  them.  The 
most  common  shape  is  tadpole  like,  but  many  other 
shapes  exist  in  lower  animals. 

The  ovary,  like  the  testis,  consists  of  a mass  of  cells 
which  may  give  rise  to  female  cells  or  ova.  These  are 
not,  as  in  the  testis,  arranged  in  tubes,  but  in  little  masses 
or  follicles,  each  follicle  usually  consisting  of  one  cell 
which  will  become  an  ovum  surrounded  by  many  cells 
which  form  food-yolk  for  the  ovum.  The  ovum,  like  the 
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spermatozoon,  has  a definite  number  of  chromosomes  in 
the  nucleus,  in  all  probability  the  same  number  as  are 
present  in  the  sperm-mother-cell  of  the  same  species. 

As  in  the  case  of  the  sperm-mother-cell  the  primitive 
ovum  divides,  but  the  division  is  confined  to  the  nucleus. 
It  takes  place  without  division  of  the  chromosomes,  and 
the  half-nucleus  containing  half  the  number  of  chromo- 
somes (Fig.  65)  is  extruded  from  the  cell  and  remains 
attached  to  it  on  the  outside.  In  this  condition  it  forms 
what  is  called  a polar  body.  The  remaining  nucleus  again 
divides  without  first  doubling  the  number  of  chromo- 
somes, and  this  half  is  extruded  as  a second  polar  body 
containing  two  chromosomes.  There  is  thus  left  behind 
an  egg-cell  with  the  chromosomes  reduced  by  the  extru- 
sion of  two  polar  bodies  to  two  in  number  and  a centro- 
some.  The  polar  bodies  simply  disappear.  While  this 
has  been  occurring  the  follicle  cells  have  been  pouring 
yolk  granules  into  the  ovum.  This  serves  for  the 
nourishment  of  the  future  embryo  in  its  early  stages 
of  development.  In  some  cases,  as  for  instance  in  man, 
only  an  exceedingly  small  quantity  of  food-yolk  is 
formed,  and  the  cell  remains  small  and  invisible  to  the 
naked  eye.  In  other  cases,  as  in  the  dog-fish,  a very 
large  quantity  of  yolk  is  added,  and  the  whole  cell 
become  bloated  and  is  very  large.  The  yellow  yolk  of  a 
hen’s  egg,  for  instance,  is  the  egg-cell  expanded  till  its 
diameter  is  nearly  an  inch,  by  the  addition  of  food-yolk. 

The  egg-cell  in  this  ripe  condition  is  discharged  from 
the  ovary  and  may  escape  from  the  body  of  the  parent  to 
be  fertilised  in  the  water,  or  it  may  remain  within  the 
mother  in  a special  duct  leading  to  the  uterus  or  womb, 
when  the  animal  possesses  such  an  organ.  In  the  dog- 
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fish  it  remains  in  the  oviduct  until  it  has  been  fertilised  : 
in  the  frog  it  is  pressed  out  of  the  body  by  the  male  frog, 
and  the  spermatozoa  come  in  contact  with  it  in  the  water 
as  it  leaves  the  body.  The  essential  part  of  fertilisation 
is  the  union  of  one  spermatozoon  with  the  ovum.  It  is 
usually  the  first  spermatozoon  that  reaches  the  egg  that 
penetrates  it  to  effect  this.  In  most  cases  any  additional 
spermatozoa  that  reach  the  egg  fail  to  penetrate  it  ; 
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Fig.  66. — Diagram  of  Impregnation.  A.  Mature  egg  with  a|iproach- 
ing  spermatozoon  (the  tail  has  drojiped  otf  in  the  figure).  B.  The  liead 
ami  eentrosome  of  the  spermatozoon  have  entered  the  egg.  C.  The 
two  draw  together.  D.  Fertilised  sperm-ovum  with  eentrosome. 

when  they  succeed  a quite  abnormal  method  of  di\’ision 
results,  and  after  a short  time  the  egg-cell  dies.  Of 
the  successful  spermatozoon,  only  the  head  or  nucleus, 
and  the  middle  piece  or  eentrosome,  actually  penetrate. 
The  tail  drops  of!  and  disappears.  Radiating  lines  of 
protoplasm  form  round  both  the  original  nucleus  of  the 
ovum  and  the  immigrant  nucleus  of  the  spermatozoon. 
The  two  gradually  draw  nearer  and  ultimately  fuse.  In 
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most  cases  it  appears  that  the  centrosome  of  the  ovum 
disappears,  while  the  centrosome  that  came  in  with  the 
spermatozoon  persists  and  forms  the  centrosome  of  the 
fertilised  egg-cell  which  is  now  ready  to  divide. 

Thus  we  see  that  the  new  organism,  in  the  case  of  the 
sexual  reproduction  of  metazoa,  is  produced  from  the  cell 
which  results  from  the  conjugation  of  an  egg-cell  and  a 
sperm-cell.  But  as  a matter  of  fact,  the  cell  so  formed 
deriv^es  its  separate  elements  unequally  from  male  and 
female.  All  the  protoplasm  of  the  cell-body  is  that  of 
the  female.  The  centrosome  is  that  of  the  male.  The 
nuclear  matter  consists  of  two  chromosomes  from  the 
female  and  two  chromosomes  from  the  male.  As  a 
matter  of  common  observation,  we  know  that  children  or 
animals  inherit  as  much  from  their  fathers  as  from  their 
mothers.  It  is  to  be  inferred  from  this  that  if  the  in- 
herited characters  are  conveyed  by  the  male  and  female 
cells,  and  we  know  of  no  other  way  in  which  they  could 
be  conveyed,  they  are  conveyed  by  some  part  of  the 
sexual  cells  to  which  both  parents  contribute  equally. 
It  is  the  chromosomes  of  the  nucleus  which  are  equally 
contributed  by  both  parents,  in  the  figures  each  supply- 
ing two.  Accordingly,  it  is  generally  be- 
lieved that  the  chromatin  of  the  nucleus 
is  the  bearer  of  inherited  characters. 

The  centrosome  is  almost  certainly  an  organ  of  division, 
and,  as  we  have  seen,  it  may  be  derived  simply  from  the 
male,  although  in  some  cases  the  centrosome  of  the 
ovum  also  persists.  The  protoplasm  of  the  body  of  the 
egg  alone  is  present  in  the  fertilised  cell.  In  one  case  it 
has  been  shown  by  actual  experiment  that  it  does  not 
act  as  the  bearer  of  maternal  characters.  A German  in- 
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v'estigator  was  able  to  remove  the  nucleus  from  the  egg- 
cells  of  one  species,  which  may  be  called  species  A. 
Then  he  poured  over  the  eggs  spermatozoa  from  another 
species,  which  we  may  call  B.  He  found  that  the  eggs 
developed  into  young  embryoes  of  the  species  B.  As 
there  was  present  only  male  nuclear  matter,  only  the 
characters  of  the  species  to  which  the  male  belonged 
were  transmitted. 

We  see,  then,  that  the  nucleus  of  cells  has  one  im- 
portant and  special  function.  It  is  the  part  of  the  cell 
which,  when  the  cell  conjugates  with  another,  or  divides, 
is  the  bearer  of  the  characters  of  the  cell. 

In  addition  to  what  has  been  mentioned,  an  important 
set  of  secondary  structures  are  frequently  developed 
round  the  egg.  These  serve  as  shells  or  membranes 
which  protect  the  young  embryo  during  the  early  stages 
of  its  growth.  They  are  formed  in  very  different  ways, 
and  there  may  be  several  of  them  present  in  a single 
case.  The  simplest  is  a cell-wall  formed  from  the  proto- 
plasm of  the  egg  itself.  This  is  generally  a very  thin 
and  delicate  structure,  but  round  about  it  other  pro- 
tective membranes  may  be  formed,  especiall}"  when,  from 
the  presence  of  much  food-yolk,  the  egg  is  large  and 
bulky.  The  follicle-cells  which  surrounded  the  ovum 
while  it  was  in  the  ovary  may  form  a stout  membrane  or 
shell  which  is  often  horny.  Then,  when  the  egg  is 
travelling  down  the  oviduct  towards  the  exterior,  the 
walls  of  the  oviduct  may  form  round  it  a gelatinous  or 
albuminous  layer.  Lastly,  sometimes  from  special  glands 
in  the  lower  part  of  the  oviduct  or  in  the  uterus,  an 
external  shell  may  be  added.  Thus  the  egg  of  a fowl  is 
surrounded  by  a series  of  membranes  of  this  kind.  In 
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the  ovary  it  arises  as  a small  cell  of  microscopic  size. 
Into  this  yolk  is  poured  from  the  follicle  cells,  and  round 
it  is  formed  a delicate  cell-wall  by  its  own  protoplasm. 
This,  however,  disappears  after  a very  short  time,  and 
when  the  egg  leaves  the  ovary  it  is  surrounded  by  a 
special  membrane  formed  by  secretion  from  the  follicle- 
cells,  and  known  as  the  vitelline  membrane.  When  it 
passes  into  the  upper  portion  of  the  oviduct,  secreting 
cells  pour  round  it  the  white-of-egg,  or  albuminous 
layer.  In  the  middle  region  of  the  oviduct  the  outer 
part  of  the  white-of-egg  becomes  hardened  into  the 
fibrous  shell-membranes,  and  finally  in  the  lowest  portion 
of  all  the  calcareous  shell  is  deposited  by  a special  set  of 
cells.  Of  course,  in  different  animals  the  nature  and 
method  of  deposition  of  the  egg-membranes  are  different. 
Generally  the  entrance  of  the  spermatozoon  is  effected 
before  the  formation  of  membranes,  but  in  some  cases  a 
special  aperture,  the  micropyle,  is  left  in  order  to  allow 
the  entrance  of  the  male  cell.  In  such  a case  there  is 
generally  present  only  an  inner,  or  vitelline  membrane. 

After  fertilisation  of  the  egg  has  been  effected,  cell- 
division,  or,  as  it  is  called  in  the  case  of  the  egg-cell, 
segmentation  occurs.  The  simple  nature  of  this  as  a 
case  of  cell-division  is  disguised  in  those  cases  where 
much  food-yolk  is  present.  In  such  the  nucleus  divides, 
but  the  division  does  not  extend  completely  through  the 
large  cell-body  bloated  as  it  is  with  inert  food-yolk. 
Thus,  in  the  case  of  the  dog-fish,  or  fowl,  the  division 
of  the  nucleus  is  followed  only  by  a partial  division  of 
the  body  of  the  cell,  this  attempt  at  division  being  re- 
presented by  a furrow  or  line  of  cleavage,  extending 
only  a little  distance  into  the  surface  of  the  yolk  mass. 


276 


OUTLINES  OF  BIOLOGY 


j’^ 


w:r 


As  the  presence  of  yolk  complicates  the  method  in  which 
the  subsequent  stages  of  dev^elopment  take  place,  we 
shall  describe  the  method  of  segmentation  and  develop- 
ment that  occurs  in  cases  where  there  is  only  a very 
small  amount  of  yolk  present  in  the  egg.  As  all  the 
divisions  take  place  by  the  process  of  karyokinesis,  which 
has  already  been  described,  no  reference  will  be  made  to 
the  internal  occurrences  during  the  repeated  divisions  by 
which  the  form  of  the  animal  is  built  up. 

A fertilised  egg-cell  that  contains  little  food-yolk 

divides  first  of  all  completely 
into  two  cells.  Then  each  of 
these  divide,  forming  four 
cells,  each  of  these  again 
forming  eight,  and  each  of  the 
eight  forming  sixteen.  The 
cells,  or  segmentation  spheres, 
as  they  are  called,  assume  a 
spherical  form  after  each 
division  and,  as  they  adhere 
closely  to  each  other,  the 
whole  embryo,  after  the  four- 
cell stage,  is  a round,  solid  mass  of  cells  with  only  the 
little  interspaces  between  the  cells  that  are  the  neces- 
sary result  of  the  rounded  form  of  the  individual 
cells.  Sometimes  there  is  more  of  the  food-yolk  present 
in  some  of  the  cells  than  in  the  others.  When  this 
occurs  it  begins  to  be  specially  noticeable  at  the  eight- 
cell stage.  Four  of  these  may  be  larger  and  contain 
most  of  the  food  material,  the  other  four  being  smaller. 
The  smaller  cells  are  said  to  form  the  animal  pole,  and 
from  them  the  ectoderm  of  the  animal  is  formed,  while 


Fig.  67. — Four  Stages  in 
Cleavage  ; resulting  in  the 
Morula. 
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the  larger,  food-containing  cells  lie  at  what  is  called  the 
vegetative  pole,  and  give  rise  to  the  endoderm.  On  the 
other  hand,  no  difference  between  the  individual  cells 
may  be  visible  up  to  the  sixteen-cell  stage.  Moreover,  ex- 
periments show  that  there  may  be  in  some  cases,  at  any  rate, 
no  difference  between  the  characters  and  nature  of  the 
first  sixteen  cells.  It  has  been  found  possible,  by  shaking 
embryoes  of  the  two-,  four-,  eight-,  and  sixteen-cell  stages 
completely  to  separate  the  cells  from  each  other,  and  it 
has  resulted  that  each  of  the  separated  cells,  by  division 
on  its  own  account,  formed  an 
embryo  by  itself,  the  only  dif- 
ference being  that  these  em- 
bryoes were  proportionately 
smaller. 

The  sixteen-cell  stage  from  its 
appearance  is  called  the  morula 
or  mulberry  stage,  and  may  be 
compared  to  a colonial  protozoon. 

Its  cells  multiply  rapidly  by  re- 
peated  division,  and  give  rise  to 

a single  layered  hollow  sphere,  the  blastosphere,  a section 
through  which  is  represented  in  Fig.  68.  In  this  stage, 
whether  or  no  a distinction  between  the  cells  at 
the  animal  pole  and  the  larger  cells  of  the  vegeta- 
tive pole  has  previously  appeared,  such  poles  become 
obvious.  The  blastosphere,  then,  is  a hollow  sphere 
of  cells  arranged  in  a layer,  one  cell  thick,  with 
larger  cells  towards  the  lower  or  vegetative  pole,  and 
smaller  cells  towards  the  animal  pole.  The  central 
cavity  is  termed  the  segmentation  cavity.  The  next 
stage  consists  in  the  assumption  of  the 
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ccelenterate  or  two-layered  type.  This 
takes  place  by  the  larger  cells  moving  inwards  to  form 
the  inner  layer.  The  simplest  method  by  which  this 
occurs  in  the  embryoes  of  the  vertebrate  group  is  by  the 
invagination,  or  infolding  of  the  cells  of  the  vegetative 
pole  without  any  break  in  their  continuity,  as  when  a 
hollow  indiarubber  ball,  pricked  so  that  the  air  has 
escaped,  shows  a dimple  that  may  be  pushed  in  by  the 
finger  until  the  ball  is  turned  into  a two-layered  cup. 
The  embryo  has  now  reached  the  ccelenterate  type  and  is 
what  is  called  a gastrula  (Fig.  69).  The  central  cavity 


inner  layer  corresponding  to  the  endoderm  of  hydra 
is  called  the  hypoblast.  These  two  are  the  primitive 
germinal  layers.  The  third  layer  which  was  spoken 
of  as  the  mesoderm,  and  which  is  characteristic  of  the 
coelomates,  is  termed  the  mesoblast,  and,  unlike  the 
epiblast  and  hypoblast,  is  not  a primary  layer  arising 
directly  from  the  blastosphere.  It  is  derived  in  different 
ways  from  the  two  primary  la)^crs,  and  consists  of  sets 
of  cells  of  different  nature. 

The  subsequent  development  of  the  gastrula  into  the 
coelomate  type  becomes  more  and  more  complicated, 
and  one  has  to  notice  several  processes  separately  which 


Fig.  69. — Section  through 
Invaginate  Gastrula. 


is  the  enteron,  the  mouth  of  the 
gastrula  is  what  is  called  the 
blastopore.  The  layers,  in  the 
embryonic  condition,  are  given 
names  which  distinguish  them 
from  the  similar  layers  of  adult 
animals.  The  outer  layer  which 
corresponds  to  the  ectoderm  of 
hydra  is  called  the  epiblast.  The 


EMBRYOLOGY 


279 


are  going  on  simultaneously  in  the  actual  development. 
Moreover,  the  general  assumption  of  the  coelomate  type 
is  accompanied  by  the  appearance  of  structures  which 
are  different  in  different  groups  of  the  coelomates.  It  is 
therefore  necessary  to  follow  one  of  the  types  of  coelo- 
mate structure.  That  chosen  here  is  the  vertebrate  or 
chordate  type. 

We  shall  have  to  deal  separately  with  the  great 
changes  that  take  place  in  the  embryo. 


First  of  all  the  gastrula  becomes  elongated  and  the 
blastopore  lies  at  the  posterior  end.  The  opening 
becomes  very  much  smaller  on  account  of  gradual 
growth  round  its  edges.  This  growth  is,  however,  not 
quite  regular,  but  is  more  rapid  at  the  sides  and  at 
the  edge  corresponding  to  the  future  ventral  surface 
of  the  animal.  Thus  it  happens  that  the  blastopore 
gets  pulled  out  into  a long  slit-like  aperture,  which 
extends  a small  distance  over  the  dorsal  surface  of  the 


Fig.  70. — .Surface  view  of 
Embryo  with  Blastopore  (B) 
and  neural  fold  (NF)  sur- 
rounding it. 


Fig.  71. — Cross  Section 
through  stage  of  Fig.  70.  E. 
Enteron  surrounded  by  hypo- 


blast cells.  NF.  Neural  fold. 
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embryo  and  terminates  at  the  posterior  end  of  the 
embryo. 

Meantime  a longitudinal  furrow  or  groove  appears 
along  the  dorsal  surface  of  the  epiblast  from  the  anterior 
edge  of  the  blastopore  towards  the  anterior  end.  This 
groove  becomes  deeper  and  deeper,  and  finally  its  edges 
meet  over  the  open  groove  and  thus  transform  the 
groove  into  a canal.  This  tube,  arising  from  the  epi- 
blast along  the  dorsal  line,  forms  the  dorsal  nervous 


fi  ^ 


M 


Fig.  72. — Longitudinal  vertical  section  through  a later  stage. 
B.  Blastopore  leading  into  dorsally  the  nerve-tube,  which  in  front  is 
exjianded  into  the  three  primitive  vesicles  of  llie  brain  ; tlie  blastojiore 
lower  down  leads  into  E,  the  enteron,  along  the  dorsal  wall  of  which 
an  expansion  is  forming  the  notochord.  M.  Invagination  of  epiblast  to 
form  the  mouth  ; A.  to  form  the  anus. 

system  of  vertebrates.  The  tube  sinks  down  and  the 
epiblast  closes  over  it.  At  the  anterior  end  it  becomes 
enlarged  to  form  three  primary  vesicles  of  the  brain. 
Its  posterior  part  forms  the  spinal  cord,  and  the  cavity 
of  tlie  tube  becomes  the  cavity  of  the  brain  in  front 
and  the  central  canal  of  the  spinal  cord  behind.  The 
primary  vesicles  alter  as  described  on  page  213.  At 
first  this  canal  opens  into  the  blastopore  behind,  but 
the  lips  of  the  elongated  blastopore  close  over  and  meet 
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just  as  the  edges  of  the  nerve  furrow  grew  together  to 
form  a tube.  In  this  way  the  spinal  canal  passes  round 
the  posterior  end  of  the  embryo  under  the  closed  lips 
of  the  blastopore  and  opens  into  the  enteron  or  primitive 
gut.  This  connection  is  called  the  neurenteric  canal, 
because  it  passes  from  the  neural  canal  to  the  enteron 
(Fig.  72).  Shortly  afterwards  a small  pit  appears  in  the 


Fig.  73. — Transverse  section  through  stage  later  than  Fig.  72,  taken 
through  the  thalamencephalon.  B.  Cavit)’  of  the  ventricle  with  a 
dorsal  prolongation  forming  the  pineal,  and  lateral  prolongations  form- 
ing the  lateral  eyes.  Opposite  these  a thickening  in  the  epiblast  is  the 
rudiment  of  the  lens.  E.  The  enteron  surrounded  by  hypoblast  cells, 
with  a dorsal  fold — the  notochord,  and  lateral  folds — the  enterocoeles. 

epiblast  just  below  the  closed  edge  of  the  blastopore. 
This  epiblastic  pit  grows  deeper  until  it  breaks  through 
into  the  posterior  end  of  the  enteron.  This  new  open- 
ing forms  the  anus  of  the  animal,  and  when  it  appears 
it  destroys  the  neurenteric  canal,  and  thus  the  nervous 
tube  becomes  closed  at  the  posterior  end.  At  the 
anterior  end  of  the  body  of  the  embryo  on  the  ventral 
surface  an  epiblastic  pit  like  that  which  formed  the  anus 
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appears.  This  grows  deeper,  and  breaks  through  into 
the  anterior  blind  end  of  the  enteron  and  forms  the 
mouth  of  the  animal.  At  each  side  of  the  anterior  end 
of  the  body,  behind  the  mouth,  four  or  five  elongate 
epiblastic  pits  appear.  These  grow  in  towards  the  hypo- 
blastic  walls  of  the  enteron,  and  opposite  each  epiblastic 
pit  a hollow  hypoblastic  bud  grows  out.  The  pits  from 
the  outside  grow  into  the  buds  which  come  from  the 
inside,  and  in  this  way  four  or  five  slit-like  apertures 
from  the  exterior  open  into  the  anterior  sides  of  the 
enteron.  These  form  the  gill-slits  (Fig.  74). 

While  these  important  changes  have  been  going  on  in 
the  epiblast  an  equally  important  set  of  changes  results 
in  the  formation  of  the  coelome.  The  simplest  method 
of  this  among  the  vertebrates  consists  of  the  formation 
of  a number  of  pairs  of  outgrowths  from  the  enteron. 
These  outgrowths  or  enterocoeles  are  hollow  buds  from 
the  hypoblast  (Fig.  73),  which  arise  opposite  each  other 
all  along  the  length  of  the  gut  beginning  from  the 
anterior  end.  At  the  same  time  all  along  the  dorsal 
line  of  the  enteron  opposite  and  below  the  epiblastic 
nerve  tube  there  is  formed  a fold  of  the  hypoblastic  wall 
of  the  gut.  The  lateral  buds  or  enterocoeles  and  the  dorsal 
fold  separate  from  the  gut  at  the  same  time.  The  walls  of 
the  dorsal  fold  separate  from  the  gut,  grow  together,  and 
transform  the  fold  into  a long  solid  rod  of  cells  lying 
between  the  nerve-tube  and  the  gut.  This  rod  of  cells 
is  the  notochord  or  chorda  dorsalis,  and  is  the  predecessor 
of  the  vertebral  column.  The  edges  of  the  enterocoeles 
meet  each  other,  and  the  cavities  thus  become  continuous 
along  the  sides  of  the  gut.  They  also  meet  round  the 
under  surface  of  the  gut.  Thus  there  is  formed  a space, 
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the  coelome  ol  the  future  animal,  folded  round  the  gut  and 


Fig.  74. — Horizontal  longitudinal  section  through  a simple  Verte- 
brate Embryo  in  region  of  Enteron.  M.  Invagination  of  epiblast  to 
form  mouth.  G.  Invaginations  of  epiblast  to  form  gill-slits.  B.  Blasto- 
pore. E.  Enteron  lined  by  hypoblast.  The  wall  of  the  enteron  in 
front  has  lateral  diverticula  which  run  towards  the  epiblastic  gill  invagina- 
tions. EP.  Paired  enterocoeles,  the  cavities  of  which  fuse  to  form  the 
ccElome,  and  the  walls  of  which  form  part  of  the  mesoblast.  MES. 
Mesenchyme  cells  migrating  inwards  from  round  walls  of  blastopore. 

continuous  under  it,  but  not  above  it,  as  the  notochord 
lies  between  the  edges  of  its  walls.  A rough  model  of 
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the  arrangement  of  these  structures  will  make  their 
relations  clearer.  Suppose  we  represent  the  gut  by  a 
piece  of  drain-pipe.  A solid  cylindrical  rod  of  wood  like 
the  piece  of  a mast  may  be  fixed  along  the  top  of  this 
to  represent  the  notochord.  Next  let  us  take  a flock 
mattress  of  the  same  length  as  the  drain-pipe  and  place 
the  drain-pipe  with  the  rod  of  wood  fixed  along  its  upper 
surface  on  the  middle  of  the  mattress  along  its  length. 
Then  let  the  free  parts  of  the  mattress  be  bent  round 
the  drain-pipe  until  the  two  edges  are  in  contact  with 
each  side  of  the  rod  of  wood.  The  flock  or  stuffing  of 
the  mattress  represents  the  hollow  of  the  coelome.  The 
ticking  of  which  the  mattress  is  made  represents  the 
cellular  walls  of  the  coelome.  The  upper  surface  of  this 
is  closely  applied  to  the  drain-pipe  or  gut  where  it  is 
in  contact  with  the  notochord  or  rod  of  wood.  The 
upper  surface  is  continuous  with  the  under,  which, 
however,  runs  right  round  the  pipe  separated  from  the 
outer  surface  by  the  stuffing  or  coelomic  cavity,  until  at 
the  other  side  of  the  notochord  it  again  meets  the  upper 
edge.  In  the  actual  embryo,  however,  the  outer  and  inner 
layers  are  fused  together  for  a short  distance  on  each 
side  of  the  notochord.  These  fused  longitudinal  bands, 
lying  on  each  side  of  the  notochord,  very  early  exhibit 
signs  of  segmentation,  which  is  a striking  character  in 
the  bodies  of  vertebrates.  They  break  up  into  a row  of 
what  are  called  primitive  segments,  and  from  these  are 
formed  among  other  things  all  the  transversely  striped 
voluntary  muscles  of  the  body.  The  remaining  part  of 
the  wall  of  the  coelome  remains  in  the  adult  as  the 
lining  epithelium  of  the  body  cavity. 

These  structures  formed  from  the  walls  of  the  entero- 
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coelic  pouches  form  a great  part  of  the  mesoblast  or 
middle  embryonic  layer  of  vertebrates.  But  with  it  there 
come  to  be  associated  structures  which  have  no  direct 
connection  with  the  enterocoele.  First  of  all  the  sexual 
cells,  those  which  give  rise  to  the  ovary  and  to  the 
testis,  in  some  cases  are  separated  from  the  developing 
ovumi  before  even  the  blastosphere  stage,  and  therefore 
before  the  epiblast  and  hypoblast  become  distinct.  In 
other  cases  they  do  not  become  visible  as  separate  cells 
till  later.  In  the  vertebrates  these  primitive  sexual  cells, 
at  whatev^er  time  they  be  actually  separated  from  the 
other  cells,  become  associated  with  the  mesoblast,  and 
appear  as  prominent  patches  of  cells  in  the  inner  wall 
of  the  body  cavity  high  up  near  the  place  where  the 
outer  and  inner  walls  of  the  body  cavity  fuse  together  to 
form  the  primitive  segments. 

Next  there  is  reason  to  believe  that  the  nephridia,  out 
of  which  the  kidneys  of  vertebrates  are  formed,  are  partly 
at  least  epiblastic  organs,  but  in  vertebrates  the  first 
appearance  of  these  as  structures  that  can  be  identified 
is  in  the  mesoblastic  wall  of  the  coelome  near  the  genital 
cells.  So  the  beginning  of  these  excretory  organs  is  part 
of  the  mass  of  cells  called  the  mesoblast. 

Lastly,  in  some  lower  groups  of  coelomates  a set  of 
wandering  amoeboid  cells  liberate  themselves  from  both 
epiblast  and  hypoblast,  and  pass  between  the  coelome 
and  the  epiblast  and  hypoblast.  These  cells  give  rise  to 
the  blood  corpuscles,  to  coelomic  corpuscles  where,  as  in 
the  earthworm,  such  exist,  to  the  blood-vessels,  and  to 
the  connective  tissue  and  skeletal  structures.  In  verte- 
brates these  wandering  cells,  which  have  been  called  the 
mesenchyme,  appear  to  be  derived  chiefly  but  not  entirely 
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from  the  inner  layer  of  hypoblast,  but  they  are  detached 
chiefly  from  the  walls  of  the  blastopore.  But  they  are 
distinguished  by  the  fact  that  they  come  off  not  as  layers 
or  pouches  of  cells,  but  as  separate  migratory  cells  which 
are  budded  off  in  definite  places. 

It  is  clear,  then,  that  the  mesoblast 
or  middle  layer  of  vertebrates  is  not  a 
simple  structure  like  the  hypoblast  and 
epiblast,  but  is  a condensation  of  a great 
many  separate  elements. 

It  will  be  convenient  to  put  together  in  a tabular  way 
the  primitive  organs  of  the  embryo  and  the  structures  to 
which  these  give  rise. 
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Abdominal  cavity  of  Dog-fish, 

192  ; of  Frog,  246 
Abdominal  pore  of  Earthworm, 

193 

Acanthias  vulgaris,  175 
Acetabulum  of  Frog,  241 
Adaptation  to  environment,  265 
Aerobic  Bacteria,  70 
Afferent  branchial  vessels  of  Dog- 
fish, 203 

Alcoholic  fermentation,  62 
Alimentary  canal  of  Dog-fish,  194 ; 
of  Earthworm,  146  ; figure,  144; 
of  Frog,  247 

Allolobophora,  an  English  genus 
of  Earthworm,  138  ; figure, 

141 

Amaha,  figure  of,  75  ; description 
of,  76  ; nutrition,  81 
Amoeboid  movements,  6 
Amphibia,  229 

Amphioxus,  a vertebrate  prede- 
cessor, 170 

Ampulla  of  semicircular  canal,  227 
Anaerobic  Bacteria,  70 
Animal  pole  of  egg,  276 
Annular  vessels,  52 
Anus,  development  of,  281 
Aortic  arches  of  Dog-fish,  203  ; 
figure,  204  ; of  Frog,  255  ; ol 
Tadpole,  249 


Aqueductus  vestibuli,  aperture  of, 
in  Dog-fish,  186 

Argentea  of  eye  of  Dog-fish,  226 
^Vrterial  system  of  Dog-fish,  203  ; 

figure,  204  ; of  Frog,  255 
Arthrospores  of  Bacteria,  69 
Artificial  foams  compared  with 
protoplasm,  1 1 

Articular  bone  of  lower  jaw  of 
Frog,  238 

Arytenoid  cartilages  of  Frog,  232 
Ascidians  as  vertebrate  predeces- 
sors, 170 

Astragulus  of  Frog,  244 
Atlas  vertebra  of  Frog,  233 
Auricle  of  Dog-fish,  198  ; auricles 
of  Frog,  250 

Bacilli,  67 
Bacteria,  66 

Balanoglossus  as  vertebrate  pre- 
decessor, 170 

Basi-branchials  of  Dog-fish,  190 
Basi-hyal  of  Dog-fish,  189 
Bast,  45;  hard  bast,  48;  function 
of  vessels, ’46  ; bast-cells  figure, 

! 48 

Biconcave  vertebrae  in  Dog-fish, 

183 

Bile-duct,  of  Dog-fish,  195  ; of 
I'rog,  248 


20 


289 


290 


INDI'.X 


Binomial  nomenclalme,  78 
Bladder  of  Frog,  247,  258 
Blastosphere,  277 
Blastopore,  278  ; figure,  279 
Blastula  of  Hydra.,  127 
Blood  and  l)lood-corpuscles,  of 
Earthworm,  148  ; of  Dog-fish, 
197  ; of  Frog,  256 
Blood-vessels,  of  Earthworm, 
154  ; of  Dog-fish,  201  ; of 
Frog,  figure,  254 
Bordered  pits,  51 
Botrydiuni,  33  ; figure,  34 
Brachial  nerve  of  Frog,  260 
Brain,  of  Dog-fish,  217  ; of  Frog, 
259 

Branchial  vessels  of  Tadpole,  249 
Branchial  arches  of  Dog-fish,  189 
Brownian  movements,  65 
Budding  in  Hydra,  117 
Buccal  cavity,  of  Earthworm,  146; 
of  Frog,  231 

Cai.caneum  of  Frog,  244 
Calciferous  glands  and  pouches  of 
Earthworm,  146 
Cambium,  50 

Cardiac  plexus  of  Frog,  260 
Carotid  gland  of  Frog,  255 
Carpals,  242,  243  ; of  Frog,  243 
Cartilage  and  cartilage  bones  of 
Frog’s  skull,  238 

Cartilaginous  skull  of  Tadpole, 

234 

Caudal  vertebra  of  Dog-fish,  dia- 
gram, 182 

Cavities  of  brain  of  Dog-fish,  219 
Ceils,  as  the  units  of  structure,  2 ; 

as  physiological  units,  13 
Cell-division,  105  ; in  SpU'ogyra, 
29 

Cell-plate,  106 
Cell-structure,  102 
Cellulose,  test  for,  19 
Centrosome,  104;  of  sperma- 
tozoa, 269  ; in  impregnation, 
273 

Centrum  of  vertebra,  182 


Cephalisation,  172 
Ceratobranchials  of  Dog-fish,  190 
Cerato-hyal  of  Dog-fish,  189 
Cerebellum,  of  Dog-fish,  217  ; of 
^ Frog,  259 

Chemical  composition  of  ]iroto- 
plasm,  3 

Chiasma  of  h'rog,  259 
Chitin,  141 

Chloragogen  cells  of  Earthworm, 
144,  148 

Chlorophyll,  jdiysical  characters, 

15  ; chemical  function  of,  15  ; 
means  of  storing  up  energj’, 

16  ; Parenchyma,  56  ; corpus- 

cles,  57  . . 

Chlor-zinc-iodine,  composition  of, 
n.  48  ; use  of,  48 
Choroid  of  eye  of  Dog-fish,  225 
Chromatin,  27,  103  ; as  bearer  of 
hereditary  characters,  273 
Chromatophores  of  Pleiirococcus, 
18  ; of  Proiococcus,  20 ; of 
Spirogyra,  24 

Chromosomes,  104;  in  spermato- 
genesis, 268 ; in  ovogenesis, 
270,  271 

Choroid  plexus  of  Frog,  259 
Cilia,  relation  of,  to  pseudopodia 
87,  88 

Ciliary  motion,  93 
Ciliated  Protozoa,  87 
Circulation  of  blood,  in  Tadpole, 
248  ; in  Frog,  figure,  254 
Clado/Jirix,  57 
Claspers  of  Dog-fish,  192 
(glasses  of  \'ertebrates  and  Inver  ■ 
tebrates,  170 
Clitellum,  140 

Coagulation  of  protoplasm,  4 
Coelcntcrata,  general  characters, 
130  ; specialisation  of  ectoderm 
and  endoderm,  131  ; thickening 
of  the  mcsogloca  and  transition 
to  coelomata,  i ^3  ; definition, 

Ca'lomata,  origin  from  Crelentc- 
rata,  132  ; arrangement  of  ncr- 
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vous  syslein,  figure,  133  ; de- 
scription, 134  ; delinition  of  the 
group,  136 

Coelome,  133,  134  ; development 
of,  2S2 ; of  Earthworm,  147; 
of  Dog-fish,  193  ; of  Frog,  246 
Ctelomic  corpuscles  of  Earthworm, 
148 

Collenchymatous  cells,  55 
Columella  of  Frog,  239,  240,  254 
Comlensation  of  segmentation, 
172 

Conjugation,  results  to  the  com- 
bining cells,  30 ; comparison 
with  sexual  reproduction,  31 
Condyles  of  skull,  of  Dog-fish, 
1S5  : of  Frog,  238 
Continuity  of  protoplasm  through 
plant  cells,  35 

Co-ordination  of  the  cells  in 
Hydra,  124 

Contractile  vacuole,  in  Acinetan, 
9 ; definition  of,  10,  75,  92, 
100 

Conus  arteriosus  of  Dog-fish,  198 
Coracoid,  of  Dog-fish,  191  ; of 
Frog,  241 

Cork,  43  ; figure,  44 ; meristem 
of,  38 

Cornea  of  Dog-fish,  225 
Cornua  of  hyoid  of  Frog,  240 
Cranial  nerves  of  Dog-fish,  rela- 
tions between  Dog-fish  and 
Man,  220  ; list  of,  of  Frog, 
260 ; with  origin  and  distribu- 
tion, 220  ; relation  to  segmental 
nerves,  222 

Cranium  of  Frog,  cartilaginous 
origin,  234 

Crop  of  Earthworm,  146 
Crura  cerebri  of  Frog,  250 
Cuticle  of  plants,  40 

Death  in  Protozoa,  85 
Dentary  bone  of  lower  jaw  of 
Frog,  238 

Development  of  brain  in  verte- 
brate embryo,  213 


Diploblaslica  : alternative  name 
of  the  Coelenterata  on  account 
of  the  body  being  two-layered, 
130 

Directive  spheres,  104 
Diseases  caused  by  Pacteria,  72 
Dissection,  of  Dog-fish,  general 
directions,  192  ; of  Frog,  246 
Division  of  labour  in  plants,  34 
Dog-fish,  species  and  genera,  175 
Dorsal  aorta  of  Dog-fish,  205  ; 

branches  of,  205,  206 
Ductus  Botalli  of  Frog,  255 
Duodenum  of  Frog,  248 

Ear,  primitive,  226  ; of  Dog- 
fish, 227 ; of  P rog,  261 
Earthworm,  food  and  general 
characters,  136  ; genera  and 
species,  138  ; characters  of  the 
Coelomate  group  that  contains 
it,  172 ; external  characters, 
139  ; prostomium,  140 
Pictoderm  of  Hydra,  120 
Efferent  branchial  vessels  of  Dog- 
fish, 205 

Egg')  of  Earthworm,  149  ; of 
l3og-fish,  176,  210 
Egg-shells  and  egg-membranes, 
'2>4 

Elasmobranchs,  175 
Embedding,  method  fer  micro- 
scopical sections,  159 
Embryology,  265 
Embryological  development,  de- 
finition of,  266 

Embryology  of  Vordcella,  266  ; 

of  Hydra,  126 
Pincystment  in  Vorticella,  94 
Endoderm  oi  Hydra,  122 
PInterocoeles,  282  ; figure  of, 
281,  283 

Enteron,  278,  280,  281,  283 
Enteron  of  Hydra,  1 1 5 
Plpiblast,  278 

Epibranchial  arteries  of  Dog-fish, 
205 

Epibranchial  bars  of  Dog-fish,  190 
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Epidermis  of  plants,  definition, 
38  ; description  and  figures, 

^ 40-43 

Epicoracoid  of  Frog,  241 
Episternuin  of  Frog,  241 
Eustacliian  tubes  of  Frog,  231 
Excretion,  8 ; Iry  contractile  j 
vacuole,  10  1 

Extradiranchials  of  Dog-fish,  190; 
figure,  184 

Eyes  of  Dog-fish,  225  ; of  Frog, 
263  ; development  of,  figure, 
281 

Eye-muscles  of  Dog-fish,  225 

Fat-150dies  of  Frog,  247 
P'emale  sexual  and  renal  organs,  of 
Dog-fish,  209  ; of  Frog,  257 
Femur,  242  ; of  Frog,  244 
Fenestra  ovalis  of  Frog,  239 
Ferments,  63 

Fermentation  caused  by  Yeast, 
62;  by  Microbes,  71 
Fertilisation,  the  union  of  the 
nucleus  of  a male  cell  with  the 
nucleus  of  a female  cell,  271, 
272;  Hydra,  119;  in  earth- 
worm, 167 

Fibula,  242  1 

]''ibulare,  243 

Fibro-vascular  tissues  of  plants, 
definition,  38  ; description  and  ; 
figures,  43  ; diagram  of  their 
course,  45  ; transverse  section, 
46,  47 

Fins  of  Dog-fish,  skeleton,  190 
Flagella  of  the  motile  phases  of  ] 
Protococais,  21 
Follicle  cells,  274 
Fontanelles  in  skull  of  Dog-fish, 
1^5 

Food-supply  of  land  and  sea,  14 
Food  vacuoles,  78  ; of  VorticcUa, 

92 

Food-yolk,  274  ; of  egg  of  Earth- 
worm, 149 

Foramina  of  nerves  in  Dog-fish, 
187  ; figure,  184 


Frogs  of  England,  229 
Fungi,  mode  of  life  of,  58 
Fundamental  tissue  of  plants,  53 

Gale-bladder  of  Dog-fish,  195 
Gastrula,  278 

Gelatine  method  of  separating 
Bacteria,  55 

Genus,  and  generic  names,  78 
Germinal  e]Mthelium  of  Earth- 
worm, 152 
Germinal  spot,  104 
Giant  fibres  in  nerve-cord  of 
Earthworm,  163 
Gill-rays  of  Dog-fish,  189 
Gill-slits  in  vertebrates,  169  ; 
development  of,  282  ; figure, 
283  ; of  Dog-fish,  196  ; of 
Tadpole,  249 

Gizzard  of  Earthworm,  146 
Glottis  of  Frog,  231 
Green  vegetation  on  land  and 
sea,  14,  15 

Gregarines  in  Earthworm,  153 
Growth  and  reproduction,  8 
Guard-cells  of  Stomata,  41 

ILlmatochkome,  the  red  modi- 
fication of  Chlorophyll,  20 
Haemal  arches  of  vertebra’,  182 
Ilamoglobin  in  blood  of  Earth- 
worm, 148  ; of  Dog-fish,  198  ; 
of  Frog,  256 
1 lairs  of  plants,  42 
I lead-kidney  of  Tadpole,  256 
Heart  of  Earthworm,  144  ; ol 
Dog-fish,  196;  figures,  199;  of 
Tadpole,  249  ; of  Frog,  figure, 
248  ; mechanism  of  blooii 
stream,  252 

Hepatic  portal  system,  of  Dog- 
fish, 203  ; of  Frog,  253 
Hereditary  characters  borne  hy 
Chromatin,  273 

Hermaphroditism  in  Earthworm, 
166 

Heteroccrcal  tail,  177 
Humerus,  242  ; of  Frog,  243 
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Hydra,  112  ; species  of,  113;  des- 
cription and  habits,  1 13;  longi- 
tudinal section,  120  ; transverse 
section,  121  ; physiology,  123; 
reproduction,  127 
Ilyoinandibular  cartilage  of  Dog- 
fish, 1 89 

Hyoid  arch,  of  Dog-fish,  189;  of 
Frog,  234,  239  ; figure,  233 
Hypoblast,  278 

Hypobranchials  of  Dog-fish,  190 

Ilium  of  Frog,  241 
Immunity  produced  by  inocula- 
tion, 73 

Infundibulum,  in  Vertebrates,  214; 

of  Dog-fish,  218;  of  Frog,  259 
Ingestion  of  food  particles,  80 
Integument  of  Earthworm,  160 ; 

figure,  161 
Intermedium,  243 
Intervertebral  discs,  183 
Intestine,  of  Earthworm,  147  ; of 
Dog-fish,  194;  of  Frog,  247 
Invagination,  278 
Invertebrate  nervous  system,  135  ; 
figure,  134 

Invertebrate  groups,  168 
Irritability  of  protoplasm,  7 
Ischio-pubis  of  Dog-fish,  191 
Ischium  of  Frog,  242 

Karyokinesls,  or  indirect  cell- 
division,  105  ; diagram,  108 
Kidneys  of  Frog,  257 

Lateral  line  of  Dog-fish,  177  ; 

of  Tadpole,  261 
Lens  of  Dog-fish,  226 
Lcptothrix,  67 
Leucoplastids,  57 
Liver  of  Dog-fish,  194 
Lumbricus  a genus  of  Earth- 
worm, 138  ; figure,  141 
Lymph  spaces  of  P’rog,  246 

Macrococci,  67 
Maxillcc  of  Frog,  235 


Male  sexual  and  reproductive 
organs,  of  Dog-fish,  21 1 ; of 
Frog,  258 

Malpighian  corpuscles  of  kidney 
of  Dog-fish,  21 1 

Mandibular  arch  of  Dog-fish,  18S 
Meckel’s  cartilage  of  Frog,  239 
Medulla  oblongata,  origin  of,  215  ; 

of  Dog-fish,  217  ; of  P’rog,  259 
Membrane  bones  of  Frog,  235 
Mento-meckelian  bone  of  Prog, 

239 

Meristem  cells,  37 
Mesencephalon  of  P’rog,  259 
Mesenchyme,  134 ; development 
of,  285  ; figure,  283 
Mesentery  of  Dog-fish,  193;  of 
Frog,  246 

Mesoblast,  134,  136;  of  Verte- 
brates, 285 

Mesogloea,  the  middle  lamella  of 
Coelenterates,  in  Hydra,  12 1 
Mesonephros  of  Vertebrates,  209  ; 
of  adult  Dog-fish,  210,  212  ; of 
Tadpole,  256 

Metabolism  of  protoplasm,  16,  22 
Metacarpals,  243  ; of  P’rog,  244 
Metameric  segmentation,  139 
Metamorphosis  of  Tadpole,  249 
Metanephros  of  adult  Dog-fish, 
210,  212 

Metanephric  duct,  209 
Metatarsals,  243 

Metazoa,  definition  of  the  group, 
128  ; familiar  forms,  129  ; di- 
vision into  Coelenterates  and 
Coelomates,  129,  136 
Methods  for  microscopical  pre- 
parations, fixing  corpuscles  of 
Earthworm  by  osmic  acid, 
148  ; preparation  of  sections  of 
Earthworm,  158  ; embedding 
in  paraffin,  159 
Microbes,  65 
Ji/icrococci,  57 
Micropyle,  275 

Mitosis,  or  indirect  cell-division, 
105 
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Monocysiis,  a parasite  of  Earth- 
worm, 153 

Movement  of  protoplasm  in  hairs 
of  I'radescantia,  4 ; white  blood 
corpuscles,  amoeboid,  6 
Mucous  canals  of  Dog-fish,  224 
Muscles  of  the  eye-ball  in  Dog- 
fish, 225 

Muscular  layers  of  Earthworm, 
162  ; figure,  l6l  i 

Miistehis  vulgaris,  175  ^ 

Nasal  bones  of  Frog,  235 
Nasal  organs  of  Dog-fish,  224  ; of  ; 

Frog,  263  ; 

Nematocysts,  115;  figure,  116 
Nephridia,  of  Earthworm,  156;  of 
Tadpole,  256  ; origin  in  de- 
velopment of  Vertebrates,  285  1 

Nerve  cord  of  Earthworm,  163  ; ' 
figure,  i6t 

Nervous  system  of  Earthworm, 
154  ; figures,  144,  150  ; of  Dog-  ^ 
fish,  213;  of  Frog,  259;  of  : 
Vertebrates  and  Invertebrates  j 
compared,  135  ; development  ' 
in  Vertebrates,  280 
Nerve  foramina  of  Dog-fish,  figure,  ' 
184  ' 

Nettle,  stinging  hairs  of,  43 
Neural  arches  of  Vertebra;,  182  ' 

Neural  folds,  279  j 

Neurenteric  canal,  281 
Nostrils  of  Frog,  230  j 

Notochord,  it  constriction  by 
sheath  to  form  vertebra;,  181  ; ! 
development  of,  figure,  281,  ! 
282  ; relation  to  coelome  in  ' 
embryo,  284 
Nucleolus,  27 

Nucleus,  structure  of,  103  ; as  the  j 
bearer  of  specific  character,  274 

Occii’iTAL  condyles  of  Dog-fish, 
185 ; of  Frog,  238 
Omosternum  of  Frog,  241 
Olfactory  lobes  of  Dog-fish,  216; 
of  Frog,  259 


Optic  chiasma,  of  Dog-fish,  218  ; 
of  Frog,  259 

Optic  lobes,  of  Dog-fish,  216;  of 
Frog,  259 

Orbito-nasal  foramen  in  Dog-fish, 
186 

Organisation  within  cells,  89 
Ovary  of  Hydra,  118;  of  Earth- 
worm, 149;  figure,  150;  of 
Dog-fish,  209  ; of  Frog,  257 
Oviducts,  of  Earthworm,  151  ; of 
Dog-fish,  209  ; figure,  208  ; of 
Frog,  257 
Ovogenesis,  270 
Ovum  of  Hydi-a,  119 
Palatines  of  Frog,  237 
Pancreas  and  pancreatic  duct  of 
Dog-fish,  195  ; of  Frog,  248 
Parasitism,  126 

Parasphenoid  bone  of  Frog,  237 
Parenchyma,  or  ground  tissue  of 
plants,  definition,  38 
Parenchymatous  cells,  53 
Parietal  eye  in  Vertebrates,  214 
Pasteur’s  fluid,  63 
Pectoral  girdle  of  Dog-fish,  190 
Pelvic  girdle  of  Dog-fish,  191  ; of 
Frog,  241  ; figure,  245 
Pericardio-coelomic  canal  of  Dog- 
fish, 198 

Pericardium  of  Dog-fish,  193  ; of 
Frog,  246 

Peripheral  nervous  system  of 
Frog,  260 

Peristome  of  Vorticella,  91 
Peritoneum  of  Dog-fish,  193  ; of 
Frog,  247 

Peritoneal  poresof  Earthworm,  142 
Phalanges,  243 

Pharyngobranchials  of  Dog-fish, 
190 

Phloem,  see  Bast 
Physiology  of  Earthworm,  165 
Physiological  processes  in  A/ua'ba, 
82 

Pineal  body,  origin  in  Vertel)rates, 
214  ; of  Dog-fish,  216  ; Frog, 

259 
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Pituitary  body,  in  Vertebrates, 
215  ; of  Dog-fish,  218  ; of  P rog, 
259 

Plants  and  animals,  differences 
l)et\veen,  95 
Plant  tissues,  38 
rUnrococcns,  17 
Polar  bodies,  271  ; figure,  270 
Portal  systems,  of  Dog-fish,  202 ; 
of  Frog,  253 

Posterior  nares  of  Frog,  231 
I’recoracoid  of  P'rog,  241 
Premaxillary  bones  of  Frog,  235 
Prespiracular  ligament  in  Dog- 
fish, 188  ; figure,  184 
Primaiy  vesicles  of  brain  and  de- 
rivatives, 213 

Primitive  kidney  of  Vertebrates, 
206 

Primitive  segments,  284 
P’rimordial  utricle,  27 
I’roccelous  vertebrce,  202  ; P’rog, 
232 

Pronephros  of  Vertebrates,  209 ; 

of  Tadpole,  256 
Prootic  bones  of  Frog,  238 
Prosencephalon,  origin  in  Verte- 
brates, 214  ; of  Dog-fish,  216  ; 
of  PTog,  259 

Prosenchymatous  cells,  55 
Prostomium  of  Earthworm,  140; 
figure,  144 

Protococcus,  synonyms,  17  ; figure, 
18 

Protoplasm,  the  living  substance 
of  animals  and  plants,  2 ; com- 
position of,  3 ; definition  of, 
10 ; relation  to  Biitschli’s  arti- 
ficial foams,  1 1 ; metabolism 
of,  16 ; source  of  energy  of, 
16;  movement  of,  6;  irrita- 
bility of,  7 ; growth  of,  8 ; 
excretion,  8 ; continuity  of  in 
plant  cells,  36 

Protozoa,  habitat  of,  74 ; defini- 
tion of  the  group,  128 
Pseudobranch,  the  rudimentary 
gill  of  spiracle,  in  Dog-fish,  196 


Pseudopodia  of  white  blood  cor- 
puscles, 6 ; of  amoeba,  77 
Pterygoids  of  P'rog,  237 
Pubes  of  Frog,  242 
Putrefaction  caused  by  Bacteria, 

71 

Pylangium  of  Frog’s  heart,  251 
Pylorus  of  Frog,  247 
Pyrenoids,  small  masses  of  proteid 
material  invested  by  starch,  in 
Protococcus,  20  ; in  Spirogyra, 

25 

Quadrato-jugal  bones  of  Frog, 

235 

Radialf,,  243 
Radius,  242  ; of  Frog,  243 
Rana,  species  of  in  England,  229 
Rectal  gland  of  Dog-fish,  195 
Rectum  of  Frog,  248 
Reducing  division,  1 10  ; in  de- 
velopment of  spermatozoa,  268 
Renal  and  reproductive  systems 
of  Dog-fish,  206  ; figures,  208  ; 
Frog,  256 

Renal  portal  system  of  Dog-fish, 
203;  of  Frog, 253 
Reproduction  essentially  a vital 
property,  83,  84 

Respiration,  in  Earthworm,  166; 
of  Dog-fish,  196;  in  Tadpole 
and  Frog,  248 

Restiform  body  of  brain  of  Dog- 
fish, 218  ; retina  of  Dog-fish, 
226 

Rib,  182;  of  P'rog,  233 

Saccharomyces  cerevisuo,  the 
yeast-plant,  60 
Sacral  rib  of  Frog,  241 
Sacral  vertebra  of  Frog,  233 
Scalariform  vessels,  51 
Scales  and  teeth  of  Dog-fish,  179 
Scapula  of  Dog-fish,  19 1 ; Frog, 
240 

Sciatic  plexus  of  P’rog,  260 
Sclerenchymatous  cells,  55 
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Sclerotic  coat  of  eyeball,  225 
Scyllium  canicula  and  X.  catullus, 
, ^75 

Second  primary  vesicle  of  brain 
and  its  derivatives,  215 
Segmentation,  139;  in  the  ccelo- 
mate  groups,  171  ; of  egg,  275  ; 
figure,  276  ; cavity,  277 
Segmental  duct,  207  ; of  Tad- 
pole, 256 

Semicircular  canals  of  ear  of  Dog- 
fish, 227 

Sense-organs  of  Dog-fish,  224; 

of  Frog,  263 
Setae  of  Earthworm,  141 
Sexual  cells,  268  ; origin  of  in 
development,  285 
Sieve-tubes,  49  ; figure,  50 
Sinuses  of  venous  system  in  Dog- 
fish, 201 

Sinus  venosus,  of  Dog-fish,  198; 
of  Frog,  251 

Skeleton  of  vertebrates,  general 
features,  179,  180 
Skull  of  Dog-fish,  184;  of  Frog, 
cartilaginous  origin,  234 ; 
figure  of  ventral  surface,  236 ; 
of  dorsal  surface,  237 
Species  and  specific  names,  79  ; 

characters  of  species,  79 
Spermathecm  of  Earthworm,  154 ; 
figure,  150 

Sperm-motlier-cell,  268 
Sperm-sac  of  Dog-fish,  212 
Spermatoblasts,  269 
Spermatophores  and  spermatozoa 
of  Earthworm,  152 
Spermatogenesis,  the  mode  of 
origin  of  the  male  sexual  cells, 
general  account  of,  268  ; figure, 
269;  in  Earthworm,  153 
Spermatozoa  of  Hydra,  liS  ; 
figures,  269 

Splucrophrya,  division  of,  with 
change  from  pseudopodia  to 
cilia,  8 

Sphenethmoid  bone  of  Frog, 
238 


Spinal  nerves,  of  Dog-fish,  222  ; 
of  F rog,  260 

Spindle  in  cell-division,  106 
Spiral  valve  of  Dog-fish,  194 
Spiral  vessels,  52 
Spirillum,  68 
Spirocluete,  68 

Spirogyra,  description,  23  ; figure, 
24  ; staining  and  mounting,  26  ; 
conjugation,  29 
Spiromonas,  67 

Spleen,  of  Dog-fish,  195  ; of  Frog, 
248 

Spore  formation,  in  Yeast,  61  ; in 
Bacteria,  69  ; in  Vorticella,  95 
Spreading  of  Bacteria,  69 
Squamosal  bones  of  Frog,  235 
Staining  protoplasm,  rationale  and 
method,  25 

Starch  granules  of  potato,  figure, 

53 

Sternum  of  Frog,  241 
Stomata,  41 
Streptococci,  67 

Supra  - oesophageal  ganglia  of 
Earthworm,  154 

Suspensorium,  in  Dog-fish,  189  ; 

of  Frog,  239 
Symbiosis,  126 

Sympathetic  nervous  system  of 
Frog,  260 

Synangium  of  Frog’s  heart,  251 

Tai?le  of  origin  of  organs  and 
tissues,  287 

Tapetum  of  eye  of  Dog-fish,  226 
Tarsals,  242 

Taste  bodies  of  Frog,  263 
Teeth  of  Frog,  231 
Temporal  patch  of  Rana  Tempo- 
raria,  230 
Testis,  26S 

Testes,  of  Hydra,  117  ; of  Earth- 
worm, 151  ; of  Dog-fish,  21 1 ; 
of  Frog,  258 

Thalamencephalon,  origin  in  \'er- 
tebrates,  214;  of  Dog-fish,  216  ; 
of  Frog,  259 
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Third  primary  vesicle  of  brain  and 
its  derivatives,  215 
\ Tibia,  242  ; of  Erog,  244 

I Tibiale,  243 

I Tongue  of  Erog,  231 

I'i'adescaniia,  movement  of  proto- 
\ plasm  in  the  staminal  filaments, 

I 4.  5 

' Transverse  process  of  vertebra,  182 

Trijiloblastica,  name  given  to  Oie- 
lomata,  134 

, Trunciis  arteriosus  of  Erog,  251 

Tympanic  membrane  of  Erog,  230, 
264 

Typhlosole  of  Earthworm,  147  ; 
figure,  161 

Types  of  animal  structure,  265 

Ulxa,  242  ; of  Erog,  243 
Ulnare,  243 

Ureter,  of  Dog-fish,  209  ; of  male 
Erog,  258 

Urinary  sinuses  of  Dog-fish,  21 1 
Urino-genital  papilla  of  Dog-fish, 
212 

Urino-genital  system  of  Erog,  256 
Urostyle  of  Frog,  232 

I Valves,  of  heart  of  Dog-fish,  199  ; 

I of  Frog’s  heart,  251,  252 

Variation  resulting  from  conjuga- 
I tion.  31 

Vasa  efferentia  and  deferentia,  of 
Earthworm,  151  ; of  Dog-fish, 
21 1 

Vegetative  pole  of  egg,  277 
Venous  system,  of  Dog-fish,  199  ; 
figure,  203 ; of  Frog,  252 ; 
figure,  254 

Ventricles  of  brain  of  Dog-fish,  219 
Ventricle  of  heart,  of  Dog-fish, 
198  ; of  Frog,  251 
Vertebrie  general  characters,  182  ; 


of  Dog-fish,  180,  183;  figure, 
184 ; of  Frog,  232 
Vertebrates  and  Invertebrates,  169 
Vertebrate  characters,  169,  173  ; 
limb  diagram,  242  ; description, 
242  ; nervous  system  compared 
wiih  invertebrate,  136 
Vesticles  of  developing  vertebrate 
brain,  213 

Vesiculm  seminales  of  Earthworm, 
152;  figure,  150;  of  Dog-fish, 
212  ; of  Frog,  258 
Vestibule  of  ear  of  Dog-fish,  227 
Vibrio.,  67 

Visceral  arches  of  Dog-fish,  188 
Vital  and  mechanical  action  in 
physiological  processes,  82 
Vit  eline  membrane,  275  ; of 
Earthworm,  149 
Vomerine  teeth  of  Frog,  231 
Vomers  of  Frog,  237 
Vorticella,  description,  89  ; figure, 
90  ; diagram,  92 ; reproduc- 
tion, 93 

Waxy  secretions  of  epidermis  of 
plants,  41  ; figure,  40 
White  blood  corpuscles  of  Frog, 
figure,  5 ; amoeboid  movements 
of,  6 

Wolffian  duct  or  mesonephric 
duct,  209 

Wood,  45  ; function  of  vessels, 
46  ; wood-cells,  figure,  48 ; 
vessels,  50  ; fibres,  53 

XII'IIISTERNUM  of  Frog,  241 

VEAS  t’-n.ANT,  description  of,  60  ; 
figure,  5 

Zygote  or  zygospore,  30 
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ANNOUNCEMENTS 


Travel  and  Adventure 

NORTHWARD:  OVER  THE  GREAT  ICE.  By  R.  E. 
Peary.  With  over  800  Illustrations,  Maps  and  Diagrams.  Two 
Volumes,  Royal  8vo.  ^2s.  net. 

In  this  important  work  Lieutenant  Pearj'  tells  the  story  of  his  travels  and  adven- 
tures in  the  Arctic  regions.  His  extraordinary-  sledge  journey  and  his  experiences 
among  the  Eskimos  are  fully  described,  and  this  book  is  a complete  record  of  his 
Arctic  work,  for  which  the  Royal  Geographical  Society  has  this  year  awarded 
him  their  Gold  Medal. 

The  fact  that  Lieutenant  Pe.-iry  is  about  to  start  on  a determined  effort  to  reach  the 
North  Pole  lends  a special  interest  to  this  book. 

THROUGH  ASIA.  By  Sven  Hedin.  With  over  250  Illustra- 
tions from  Sketches  and  Photographs  by  the  Author,  and  6 Maps. 
Two  vohanes.  Royal  8vo.  ^6s.  net. 

In  this  book  Dr.  Sven  Hedin,  the  distinguished  Swedish  explorer,  describes  his 
four  years’  experiences  and  his  extraordinary  adventures  in  Central  Asia.  Dr. 
Hedin  is  an  accomplished  artist,  and  his  drawings  are  full  of  vigour  and  interest. 

In  adventurous  interest  and  substantial  results  in  various  departments  of  know- 
ledge, Dr.  Hedin’s  journey  will  bear  comparison  with  the  travels  of  the  great 
explorers  of  the  past,  from  Marco  Polo  downwards. 

The  Gold  Medals  of  the  Royal  Geographical  Society  and  of  the  Russian  Geographical 
Society  have  been  conferred  upon  him  for  this  journey. 

THE  HIGHEST  ANDES.  By  E.  A.  FitzGerald.  With 
40  Illustrations,  10  of  which  are  Photogravures,  and  a Large  Map. 
Royal  8vo.  30J.  net. 

Also,  a Small  Edition  on  Handmade  Paper,  limited  to  50  Copies, 

£S>  5^' 

A narrative  of  the  highest  climb  yet  accomplished.  The  illustrations  have  been 
reproduced  with  the  greatest  care,  and  the  book,  in  addition  to  its  adventurous 
interest,  contains  appendices  of  great  scientific  value. 

CHITRAL  : The  Story  of  a Minor  Siege.  By  Sir  G.  S.  Robert- 
son, K.C.S.I.  With  Numerous  Illustrations  and  a Map.  Demy  8vo. 
21  s.  net. 

Sir  George  Robertson,  who  was  at  the  time  British  Agent  at  Gilgit,  has  written 
the  story  of  Chitral  from  the  point  of  view  of  one  actually  besieged  in  the  fort. 
The  book  is  of  considerable  length,  and  has  an  Introductory  part  explaining 
the  series  of  events  which  culminated  in  the  famous  siege  ; also  an  account  of 
Ross’s  disaster  in  the  Koragh  defile,  the  heroic  defence  of  Reshun,  and  Kelly's 
great  march.  It  has  numerous  illustrations— plans,  pictures  and  portraits — and  a 
map,  and  will  give  a connected  narrative  of  the  stirring  episodes  on  the  Chitral 
frontier  in  1895. 
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TWENTY  YEARS  IN  THE  NEAR  EAST.  By  A.  HULME 
Beaman.  With  Portrait.  Demy  %vo.  lor.  6d. 

A personal  narrative  of  experiences  in  Syria,  Egypt,  Turkey  and  the  Balkan  States, 
including  adventures  in  the  Lebanon,  during  the  bombardment  of  Alexandra,  the 
first  Egyptian  Campaign,  the  Donogla  Expedition,  the  Cretan  Insurrection,  etc. 

The  book  also  contains  several  chapters  on  Turkey,  its  people  and  its  Sultan. 

THE  DOWNFALL  OF  THE  DERVISHES:  Being  a 
Sketch  OF  THE  Final  Sudan  Campaign  of  1898.  By  Ernest 
N.  Bennett,  M.A.  , Fellow  and  Lecturer  of  Hertford  College, 
Oxford  ; Special  Correspondent  for  The  JVestmvister  Gazelle.  With 
a Photogravure  Portrait  of  the  Sirdar,  a Map,  and  Two  Plans. 
Crown  8z>o.  3^.  6d. 

Theology 

DOCTRINE  AND  DEVELOPMENT.  By  Hastings  Rash- 
DALL,  M.  A.,  Fellow  and  Tutor  of  New  College,  Oxford.  Crown  8vo. 
bs. 

This  volume  consists  of  twenty  sermons,  preached  chiefly  before  the  University  of 
Oxford.  They  are  an  attempt  to  translate  into  the  language  of  modern  thought 
some  of  the  leading  ideas  of  Christian  theology  and  ethics. 

CLOVELLY  SERMONS.  By  William  Harrison,  M.A.,  late 
Rector  of  Clovelly.  With  a Preface  by  Lucas  Malet.  Crown  8vo. 
y.  6d. 

A volume  of  Sermons  by  a son-in-law  of  Charles  Kingslej’. 

APOSTOLIC  CHRISTIANITY  : As  Illustrated  by  the  Epistles 
of  S.  Paul  to  the  Corinthians.  By  II.  H.  Henson,  M.A.,  Fellow 
of  All  Souls’,  Oxford.  Crown  8vo.  6s. 

H3an&boolis5  of  ^Tbeolocig. 

General  Editor,  A.  Robertson,  D.D.,  Principal  of  King’s  College, 

London. 

THE  XXXIX.  ARTICLES  OF  THE  CHURCH  OF  ENG- 
LAND. Edited  with  an  Introduction  by  E.  C.  S.  Gibson,  D. D., 
Vicar  of  Leeds,  late  Principal  of  Wells  Theological  College.  Revised 
and  Cheaper  Edition  in  One  Volume.  Demy  8vo.  125.  6d. 

AN  INTRODUCTION  TO  THE  HISTORY  OF  THE 
CREEDS.  By  A.  E.  Burn,  Examining  Chaplain  to  the  Bishop  of 
Lichfield.  Demy  Svo.  los.  6d. 

fTbe  CburcbmaiUo  Xibrarv. 

Edited  by  J.  H.  BURN,  B.D. 

A series  of  books  by  competent  scholars  on  Church  History,  Institu- 
tions, and  Doctrine,  for  the  use  of  clerical  and  lay  readers. 

THE  KINGDOM  OF  HEAVEN  HERE  AND  HERE- 
AFTER. By  Canon  Wintereotham,  M.A.,  B.Sc.,  LL.B. 
Crown  Svo.  31.  6d. 
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©jtor&  Commentades. 

General  Editor,  Walter  Lock,  D.D.,  Warden  of  Keble  College, 
Dean  Ireland’s  Professor  of  Exegesis  in  the 
University  of  Oxford. 

Messrs.  Methuen  propose  to  issue  a series  of  Commentaries  upon  such 
Books  of  the  Bible  as  still  seem  to  need  further  explanation. 

The  object  of  each  Commentary  is  primarily  exegetical,  to  interpret 
the  author’s  meaning  to  the  present  generation.  The  editors  will  not 
deal,  except  very  subordinately,  with  questions  of  textual  criticism  or 
philology ; but  taking  the  English  text  in  the  Revised  Version  as  their 
basis,  they  will  try  to  combine  a hearty  acceptance  of  critical  principles 
with  loyalty  to  the  Catholic  Faith.  It  is  hoped  that  in  this  w'ay  the  series 
may  be  of  use  both  to  theological  students  and  to  the  clergy,  and  also  to 
the  growing  number  of  educated  laymen  and  laywomen  who  wish  to  read 
the  Bible  intelligently  and  reverently. 

THE  BOOK  OF  JOB.  Edited,  with  Introduction  and  Notes, 
by  E.  C.  S.  Gibson,  D.D.  , Vicar  of  Leeds.  Demy  %vo,  6s. 

Zbc  Xlbrarg  of  Bevotlou. 

J’ofi  Svp,  cloth,  2s.  ; leather,  2s.  6J.  vet. 

NEW  VOLUMES. 

A SERIOUS  CALL  TO  A DEVOUT  AND  HOLY  LIFE. 
By  William  Law.  Edited,  with  an  Introduction,  Analysis,  and 
Notes,  by  C.  Bigg,  D.D. 

A BOOK  OF  DEVOTIONS.  By  J.  W.  Stanbridge,  M.A., 
Rector  of  Bainton,  Canon  of  York,  and  sometime  Fellow  of  S'. 
John’s  College,  Oxford. 

This  book  contains  devotions,  Eucharistic,  daily  and  occasional,  for  the  use  of  mem- 
bers of  the  English  Church,  sufficiently  diversified  for  those  who  possess  other 
works  of  the  kind.  It  is  intended  to  be  a companion  in  private  and  public  worship, 
and  is  in  harmony  with  the  thoughts  of  the  best  Devotional  writers. 

History  and  Biography 

MEMOIRS  OF  ADMIRAL  THE  RIGHT  HONBLE.  SIR 
ASTLEY  COOPER  KEY.  By  Vice-Admiral  P.  H.  Colomb. 
With  Portrait,  Demy  8w.  i6j. 

This  life  of  a great  sailor  throws  a considerable  light  on  the  evolution  of  the  Navy 
during  the  last  fifty  years. 

THE  DECLINE  AND  FALL  OF  THE  ROMAN  EMPIRE. 
By  Edward  Gibbon.  A New  Edition,  edited  with  Notes, 
Appendices,  and  Maps  by  J.  B.  Bury,  LL.D.,  Fellow  of  Trinity 
College,  Dublin.  In  Seven  Volumes.  Demy  ^vo,  gilt  top.  8r.  6d. 
each.  Crotvn  8z’i?.  6s.  each.  Vol.  VI. 
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A HISTORY  OP’  EGYPT,  from  the  Earliest  Times  to 
THE  Present  Day.  Edited  by  W.  M.  Flinders  Petrie,  D.C.L., 
LL.D.,  Professor  of  Egyptology  at  University  College.  Fully  Illus- 
trated. In  Six  Volumes.  Croton  8vo.  6s.  each. 

Vol.  IV.  THE  EGYPT  OF  THE  PTOLEMIES.  J.  P.  Mahaffy. 

Vol.  V.  ROMAN  EGYPT.  J.  G.  Milne. 

THE  CANON  LAW  IN  ENGLAND.  By  F.  W.  Maitland, 
LL.D.,  Downing  Professor  of  the  Laws  of  England  in  the  University 
of  Cambridge.  Royal  8vo.  Js.  6d. 

A volume  of  Essays  on  the  History  of  the  Canon  Law  in  England.  These  Essays 
deal  chiefly  with  the  measure  of  authority  attributed  in  medieval  England  to  the 
papal  law-books,  and  one  entitled  (i)  William  Lyndwood,  (2)  Churchy  State  and 
Decretals,  (3)  William  of  Drogheda  and  the  Universal  Ordinary , (4)  Henry  II. 
and  the  Criminous  Clerks,  (5)  E.xecrabilis  in  the  Common  Pleas,  and  (6)  The 
Deacon  and  the  Jewess. 

ANNALS  OF  SHREWSBURY  SCHOOL.  By  G.  W.  Fisher, 
M.A.,  Assistant  Master.  With  Numerous  Illustrations.  Demy  8vo. 

105.  6d. 

ANNALS  OF  WESTMINSTER  SCHOOL.  By  J.  Sargeaunt, 
M.A.,  Assistant  Master.  With  Numerous  Illustrations.  Demy  8vo. 
Is.  6d. 

ANNALS  OF  ETON  COLLEGE.  By  W.  Sterry,  M.A 
With  Numerous  Illustrations.  Demy  8vo.  p.  6d. 

General  Literature 

THE  PILGRIM’S  PROGRESS.  By  John  Bunyan.  Edited, 
with  an  Introduction,  by  C.  H.  Firth,  M.A.  With  39  Illustrations 
by  R.  Anning  Bell.  Crown  8vo.  6s. 

This  book  contains  a long  Introduction  by  Mr.  Firth,  whose  knowledge  of  the  period 
is  unrivalled  ; and  it  is  lavishly  illustrated. 

AN  OLD  ENGLISH  HOME.  By  S.  B.\ring  Gould.  With 
Numerous  Plans  and  Illustrations.  Crown  8vo.  6s. 

This  book  describes  the  life  and  environment  of  an  old  English  family. 

CAMBRIDGE  AND  ITS  COLLEGES.  By  A.  Hamilton 
Thompson.  With  Illustrations  by  E.  H.  New,  Pott  8vo.  Cloth, 
35.  Leather,  45. 

This  book  is  uniform  with  Mr.  Wells's  very  successful  book,  ‘ Oxford  and  its  Colleges.’ 

UNIVERSITY  AND  SOCIAL  SETTLEMENTS.  By  W. 
Reason,  M.A.  Crown  8vo.  2s.  6d.  [Social  Question  Series. 

DANTE’S  GARDEN.  By  Rosemary  Cotes.  With  a frontis- 
piece Fcap.  8vo.  2s.  6d. 

An  account  of  the  flowers  mentioned  by  Dante,  with  their  legends. 

READING  AND  READERS.  By  Clifford  Harrison. 
Fcap.  8vo.  2s.  6d. 

S little  book  of  principles  and  hints  by  the  most  distinguished  of  living  reciters. 

VENTURES  IN  VERSE.  By  B.  J.  Williams.  Cr.8vo.  3s.  6d. 
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VOLUMETRIC  ANALYSIS.  By  J.  B.  Russell,  B.Sc.,  Science 
Master  at  Burnley  Grammar  School.  Crown  Svo.  ix. 

A small  Manual,  containing  all  the  necessary  rules,  etc.,  on  a subject  which  has 
hitherto  only  been  treated  in  expensive  volumes. 

A KEY  TO  STEDMAN’S  EASY  FRENCH  EXERCISES. 
By  G.  A.  ScHRUMPF.  Crown  Svo.  ^s.  ?tet. 

A SHORTER  GREEK  PRIMER.  By  A.  M.  M.  Stedman, 
M.A.  Crown  Svo.  is.  6d. 

.\  book  which  contains  the  elements  of  Accidence  and  Syntax. 

CARPENTRY  AND  JOINERY.  By  F.  C.  Webber.  With 
many  Illustrations.  Crown  Svo.  3^.  (od. 

[ Text-books  of  Technology. 

A Manual  for  technical  classes  and  self-instruction. 

PRACTICAL  MECHANICS.  By  SiDxNEY  H.  Wells.  Illus- 
trated. Crown  Svo.  3^.  (od.  [ Text-books  of  Technology. 

A CLASS-BOOK  OF  DICTATION  PASSAGES.  By  W. 
Williamson,  M.A.  Crown  Svo.  is.bd. 

The  passages  are  culled  from  recognised  authors,  and  a few  newspaper  passages  are 
included.  The  lists  of  appended  words  are  drawn  up  mainly  on  the  principle  of 
comparison  and  contrast,  and  will  form  a repertoire  of  over  2000  words,  embracing 
practically  all  the  difficulties  felt  hy  the  pupil. 

AN  ENTRANCE  GUIDE  TO  THE  PROFESSIONS  AND 
BUSINESS.  By  Henry  Jones.  Crown  Svo.  is.  6d. 

[Commercial  Series. 

Byzantine  Texts 

Edited  by  J.  B.  Bury,  LL.D.,  Professor  of  Modern  History  at 
Trinity  College,  Dublin. 

EVAGRIUS.  Edited  by  Professor  Leon  Parmentier  of 
Liege  and  M.  Bidez  of  Gand.  Demy  Svo. 

Cheaper  Editions 

BRITISH  CENTRAL  AFRICA.  By  Sir  H.  H.  Johnston, 
K.C.B.  With  nearly  Two  Hundred  Illustrations,  and  Six  Maps. 
Revised  and  Cheaper  Edition.  Crown  ^io.  2is.  net. 

* The  book  is  crowded  with  important  information,  and  written  in  a most  attractive 
style  ; it  is  worthy,  in  .short,  of  the  author’s  established  reputation.’ — Standard. 

VAILIMA  LETTERS.  By  Robert  Louis  Stevenson.  With 
an  Etched  Portrait  by  William  Strang,  and  other  Illustrations. 
Cheaper  Edition.  Crozvn  Svo.  Buckram.  6s. 

A BOOK  OF  CHRISTMAS  VERSE.  EditedbyH.C.  Beeching, 
M.A.,  and  Illustrated  by  Walter  Crane.  Cheaper  Edition. 
Crown  Svo,  gilt  top.  35.  6d. 

A collection  of  the  best  verse  inspired  by  the  birth  of  Christ  from  the  Middle  Ages 
to  the  present  day. 
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LYRA  SACRA  : An  Anthology  of  Sacred  Verse.  Edited  by  H. 
C.  Beeching,  M.  A.  Cheaper  Edition.  Crown^vo.  Buckram.  2s.6d. 

‘ A charming  selection,  which  maintains  a lofty  standard  of  excellence.'— 7’tWi. 

Fiction 

THE  BATTLE  OF  THE  STRONG.  By  Gilbert  Parker, 
Author  of  ‘ The  Seats  of  the  Mighty.’  Crown  %vo.  6s. 

A romance  of  1798. 

THE  TOWN  TRAVELLER.  By  George  Gissing,  Author 
of  ‘ Demos,’  ‘ In  the  Year  of  Jubilee,’  etc.  Croton  %vo.  6s. 

THE  COUNTESS  TEKLA.  By  Robert  Barr,  Author  of 
‘ The  Mutable  Many.’  Crown  8vo.  6s, 

A historical  romance. 

THINGS  THAT  HAVE  HAPPENED.  By  Dorothea 
Gerard,  Author  of  ‘ Lady  Baby,’  ‘ Orthodox,’  etc.  Crown  8vo.  6s. 
DOMITIA.  By  S.  Baring  Gould,  Author  of  ‘The  Broom 
Squire,’  etc.  Croton  8vo.  6s. 

A romance  of  imperial  Rome. 

FROM  THE  EAST  UNTO  THE  WEST.  By  Jane  Barlow, 
Authorof  ‘ Irish  Idylls,’  ‘ A Creel  of  Irish  Stories,’  etc.  Crown  8vo.  6s. 
TO  ARMS  ! By  ANDREW  Balfour,  Author  of  ‘ By  Stroke  of 
Sword.’  Illustrated.  Crown  8vo.  6s. 

A romance  of  1715. 

THE  JOURNALIST.  By  C.  F.  Keary.  Crotvn  Svo.  6s. 

A story  of  modern  literary  life. 

PEGGY  OF  THE  BARTONS.  By  B.  M.  Croker,  Author  of 
‘ Proper  Pride.’  Crown  8vo.  6s. 

A VENDETTA  OF  THE  DESERT.  By  W.  C.  Scully. 
Croton  8vo,  3^.  6d. 

A South  African  romance. 

CORRAGEEN  IN  ’98.  By  Mrs.  Orpen.  Crotvti  8vo.  6s. 

A romance  of  the  Irish  Rebellion. 

AN  ENEMY  TO  THE  KING.  By  R.  N.  Stephens.  Crown 
Svo.  6s. 

THE  PLUNDERPIT.  By  J.  Keighley  Snowden.  Crown 
8vo.  6s. 

A romance  of  adventure. 

DEAD  MAN’S.  By  Mary  Gaunt,  Author  of  ‘ Kirkham’s  Find. 
Crown  8vo.  6s. 

An  Australian  story. 

WILLOWBRAKE.  By  R.  Murray  Gilchrist.  Crown  8vo.  6s. 
THE  ANGEL  OF  THE  COVENANT.  By  J.  Maclaren 
Cobban.  Crown  8vo.  6s. 

A historical  romance,  of  which  Montrose  is  the  hero. 

OWD  BOB,  THE  GREY  DOG  OF  KENMUIR.  By  Alfred 
Ollivant.  Crown  8vo.  6s. 

A story  of  the  Cumberland  dales. 

ANANIAS.  By  the  Hon.  Mrs.  Alan  Brodrick.  Crown8vo.  6s. 
ADVENTURES  IN  WALLYPUG  LAND.  By  G.  E.  Farrow. 
With  Illustrations  by  Alan  Wright.  Crown  8vo.  Gilt  top.  55. 
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Poetry 

Eudyard  Kipling.  BARRACK-ROOM  BALLADS.  By 

Rudyard  Kipling.  Fourteenth  Edition.  Crown  8vo.  6s. 

‘Mr.  Kipling's  verse  is  strong,  vivid,  full  of  character.  . . . Unmistakable  genius 
rings  in  every  line.’ — Times. 

‘The  ballads  teem  with  imagination,  they  palpitate  with  emotion.  We  read  them 
with  laughter  and  tears;  the  metres  throb  in  our  pul.ses,  the  cunningly  ordered 
words  tingle  with  life  ; and  if  this  be  not  poetry,  wbat  is?’ — Pall  Mall  Gazette. 

Rudyard  Kipling.  THE  SEVEN  SEAS.  By  Rudyard 
Kipling.  Fourth  Edition.  Crown  8vo.  Buckram,  gilt  top.  6s. 

' The  new  poems  of  Mr.  Rudyard  Kipling  have  all  the  spirit  and  swing  of  their  pre- 
decessors. Patriotism  is  the  solid  concrete  foundation  on  which  Mr.  Kipling  has 
built  the  whole  of  his  work.’ — Times. 

‘ The  Empire  has  found  a singer  ; it  is  no  depreciation  of  the  songs  to  say  that  states- 
men may  have,  one  way  or  other,  to  take  account  of  them.’ — Manchester 
Guardian. 

‘Animated  through  and  through  with  indubitable  genius.’ — Daily  Telegraph. 

“Q.”  POEMS  AND  BALLADS.  By  “Q.”  Crowti^vo.  3s.  6d. 

‘ This  work  has  just  the  faint,  ineffable  touch  and  glow  that  make  poetry.’ — Speaker. 

” Q.”  GREEN  BAYS  : Verses  and  Parodies.  By  “ Q.,”  Author 
of  ‘ Dead  Man’s  Rock,’  etc.  Secotid  Edition.  Crown  8vo.  3s.  6d. 

E.  Mackay.  A SONG  OF  THE  SEA.  By  Eric  Mackay. 
Second  Edition.  Fcap.  8z’0.  3s. 

‘ Everywhere  Mr.  Mackay  displays  himself  the  master  of  a style  marked  by  all  the 
characteristics  of  the  best  rhetoric.’ — Globe. 

H.  Ibsen.  BRAND.  A Drama  by  Henrik  Ibsen.  Translated 
by  William  Wilson.  Second  Edition,  Crown  8vo.  35.  6d. 

‘The  greatest  world-poem  of  the  nineteenth  century  next  to  “Faust."  It  is  in 
the  same  set  with  “Agamemnon,"  with  “Lear,”  with  the  literature  that  we  now 
instinctively  regard  as  high  and  holy.’ — Daily  Chronicle. 

“A.G.”  VERSES  TO  ORDER.  By“A.  G.”  Cr.8vo.  2s.6d. 

net. 

‘A  capital  specimen  of  light  academic  poetty.  ’ — St.  James's  Gazette. 

J.  G.  Cordery.  THE  ODYSSEY  OF  HOMER.  A Transla- 
tion by  J.  G.  Cordery.  Crown  8vo.  ys.  6d. 
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Belles  LettreSj  Anthologies,  etc. 

R.  L.  Stevenson.  VAILIMA  LETTERS.  By  Robert  Louis 
Stevenson.  With  an  Etched  Portrait  by  William  Strang,  and 
other  Illustrations.  Second  Edition.  Crown  Zvo.  Buckram.  6s. 

‘ A fascinating  book.’ — Standard. 

‘ Full  of  charm  and  brightness.’ — Spectator. 

‘ A gift  almost  priceless.’ — Speaker. 

' Unique  in  literature.’ — Daily  Chronicle. 

George  Wyndham.  THE  POEMS  OF  WILLIAM  SHAKE- 
SPEARE. Edited  with  an  Introduction  and  Notes  by  George 
Wyndham,  M.P.  Demy'&vo.  Buckram.,  gilt  top.  \os.  6d. 

This  edition  contains  the  ‘ Venus,’  ‘ Lucrece,’  and  Sonnets,  and  is  prefaced  with  an 
elaborate  introduction  of  over  140  pp. 

‘ One  of  the  most  serious  contributions  to  Shakespearian  criticism  that  has  been  pub- 
lished for  some  time.’ — Times. 

‘ One  of  the  best  pieces  of  editing  in  the  language.’ — Outlook. 

‘ This  is  a scholarly  and  interesting  contribution  to  Shakespearian  literature.’ — 
Literature. 

' We  have  no  hesitation  in  describing  Mr.  George  Wyndham’s  introduction  as  a 
masterly  piece  of  criticism,  and  all  who  love  our  Elizabethan  literature  will  find  a 
very  garden  of  delight  in  it.  ’ — Spectator. 

' Mr.  Wyndham’s  notes  are  admirable,  even  indispensable.’ — Westminster  Gazette. 
‘The  standard  edition  of  Shakespeare’s  poems.’ — World. 

‘ The  book  is  written  with  critical  insight  and  literary  felicity.’ — Standard. 

W.  E.  Henley.  ENGLISH  LYRICS.  Selected  and  Edited  by 
W.  E.  Henley.  Crown%vo.  Bttckram,  gilt  top. 

‘ It  is  a body  of  choice  and  lovely  poetry.’ — Birmhigham  Gazette. 

Henley  and  Whibley.  A BOOK  OF  ENGLISH  PROSE. 
Collected  by  W.  E.  Henley  and  Charles  Whibley.  Crown  Zvo. 
Buckram,  gilt  top.  6s. 

‘ Quite  delightful.  A greater  treat  for  those  not  well  acquainted  with  pre-Restoration 
prose  could  not  be  imagined.  ’ — A thenceum. 

H.  0.  Beeching.  LYRA  SACRA  : An  Anthology  of  Sacred  Verse. 
Edited  by  H.  C.  Beeching,  M.A.  Crown  Svo.  Buckram.  6s. 

' A charming  selection,  which  maintains  a lofty  standard  of  excellence.’ — Times. 

“Q.”  THE  GOLDEN  POMP:  A Procession  of  English  Lyrics. 
Arranged  by  A.  T.  Quiller  Couch.  Crown  Svo.  Buckram.  6s. 

‘ A delightful  volume  : a really  golden  “Pomp.”  ’ — Spectator. 

W.  B.  Yeats.  AN  ANTHOLOGY  OF  IRISH  VERSE. 
Edited  by  W.  B.  Yeats.  Crown  Svo.  3s.  6d. 

' An  attractive  and  catholic  selection.’ — Times. 

G.  W.  bteevens.  MONOLOGUES  OF  THE  DEAD.  By 
G.  W.  Steevens.  Foolscap  Svo.  $s.  6d. 

‘ The  effect  is  sometimes  splendid,  sometimes  bizarre,  but  always  amazingly  clever.’ 
— Pall  Mall  Gazette. 

W.  M.  Dixon.  A PRIMER  OF  TENNYSON.  By  W.  M. 
Dixon,  M.A.,  Professor  of  English  Literature  at  Mason  College. 
Crown  Svo.  2s.  6d. 

‘ Much  sound  and  well-expressed  criticism.  The  bibliography  is  a boon.’ — Speaker. 
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W.  A.  Craigie.  A PRIMER  OF  BURNS.  By  W.  A.  Craigie. 

Croivn  Svo.  2s.  6d. 

‘A  valuable  addition  to  the  literature  of  the  poet.’ — Times. 

L.  Magnus.  A PRIMER  OF  WORDSWORTH.  By  Laurie 

Magnus.  Crown  Svo.  2s.  6d. 

‘A  valuable  contribution  to  Wordsworthian  literature.' — Literature. 

Sterne.  THE  LIFE  AND  OPINIONS  OF  TRISTRAM 
SHANDY.  By  Lawrence  Sterne.  With  an  Introduction  by 
Charles  Whibley,  and  a Portrait.  2 voh.  *]$. 

‘ Very  dainty  volumes  are  these  ; the  paper,  type,  and  light-green  binding  are  all 
very  agreeable  to  the  eye. ' — Globe. 

Congreve.  THE  COMEDIES  OF  WILLIAM  CONGREVE. 
With  an  Introduction  by  G.  S.  Street,  and  a Portrait.  2 vols.  "js. 

Morier.  THE  ADVENTURES  OF  HAJJI  BABA  OF 
ISPAHAN.  By  James  Morier.  With  an  Introduction  by  E.  G. 
Browne,  M.  A.,  and  a Portrait.  2 vo/s.  ys. 

Walton.  THE  LIVES  OF  DONNE,  WOTTON,  HOOKER, 
HERBERT,  and  SANDERSON.  By  Izaak  Walton.  With 
an  Introduction  by  Vernon  Blackburn,  and  a Portrait.  3J.  6d. 

Johnson.  THE  LIVES  OF  THE  ENGLISH  POETS.  By 
Samuel  Johnson,  LL.D.  With  an  Introduction  by  J.  H.  Millar, 
and  a Portrait.  3 vo/s.  10s.  6d. 

Burns.  THE  POEMS  OF  ROBERT  BURNS.  Edited  by 
Andrew  Lang  and  W.  A.  Craigie.  With  Portrait.  Second 
Edition.  Demy  Svo,  g^i/t  top.  6s. 

This  edition  contains  a carefully  collated  Text,  numerous  Notes,  critical  and  textual, 
a critical  and  biographical  Introduction,  and  a Glossary. 

‘Among  editions  in  one  volume,  this  will  take  the  place  of  authority.’ — Times. 

F.  Langbridge.  BALLADS  OF  THE  BRAVE:  Poems  of 
Chivalry,  Enterprise,  Courage,  and  Constancy.  Edited  by  Rev.  F. 
Langbridge.  Second  Edition.  Crown  Svo.  35.  6d.  Schoo/  Edition. 
2s.  6d. 

‘ A very  happy  conception  happily  carried  out.  These  “Ballads  of  the  Brave”  are 
intended  to  suit  the  real  tastes  of  boj'S,  and  will  suit  the  taste  of  the  great  majority.’ 
— Spectator.  ' The  book  is  full  of  splendid  things.’ — World- 

Illustrated  Books 

F.  D.  Bedford.  NURSERY  RHYMES.  With  many  Coloured 
Pictures.  By  F.  D.  Bedford.  Super  Roya/  Svo.  5r. 

‘ An  excellent  selection  of  the  best  known  rhymes,  with  beautifully  coloured  pictures 
exquisitely  printed.’ — Pall  Mall  Gazette. 

S.  Baring  Gould.  A BOOK  OF  FAIRY  TALES  retold  by  S. 
Baring  Gould.  With  numerous  illustrations  and  initial  letters  by 
Arthur  J.  Gaskin.  Second  Edition.  Crown  Svo.  Buckram.  6s. 

‘ Mr.  Baring  Gould  is  deserving  of  gratitude,  in  re-writing  in  simple  style  the  old 
stories  that  delighted  our  fathers  and  grandfathers.’ — Saturday  Review 


Messrs.  Methuen’s  List 


II 


S.  Baring  Gould.  OLD  ENGLISH  FAIRY  TALES.  Col- 
lected and  edited  by  S.  Baring  Gould.  With  Numerous  Illustra- 
tions by  F.  D.  Bedford.  Second  Edition.  Crown^vo.  Buckram.  6r. 

‘ A charming  volume.  The  stories  have  been  selected  with  great  ingenuity  from 
various  old  ballads  and  folk-tales,  and  now  stand  forth,  clothed  in  Mr.  Baring 
Gould’s  delightful  English,  to  enchant  youthful  readers.’ — Guardian. 

S.  Baring  Gould.  A BOOK  OF  NURSERY  SONGS  AND 
RHYMES.  Edited  by  S.  Baring  Gould,  and  Illustrated  by  the 
Birmingham  Art  School.  Buckram,  gilt  top.  Crown  %vo.  6s. 

‘ The  volume  is  very  complete  in  its  way,  as  it  contains  nursery  songs  to  the  number 
of  77)  game-rhymes,  and  jingles.  To  the  student  we  commend  the  sensible  intro- 
duction, and  the  explanatory  notes.' — Birmingham  Gazette. 

H.  C.  Beeching.  A BOOK  OF  CHRISTMAS  VERSE.  Edited 
by  H.  C.  Beeching,  M.A.,  and  Illustrated  by  Walter  Crane. 
Crown  %vo,  gilt  top.  5-^- 

An  anthology  which,  from  its  unity  of  aim  and  high  poetic  excellence,  has  a better 
right  to  exist  than  most  of  its  fellows.’ — Guardian. 

History 

Gibbon.  THE  DECLINE  AND  FALL  OF  THE  ROMAN 
EMPIRE.  By  Edward  Gibbon.  A New  Edition,  Edited  with 
Notes,  Appendices,  and  Maps,  by  J.  B.  Bury,  LL.D.,  Fellow  of 
Trinity  College,  Dublin.  In  Seven  Volumes.  Demy  8z^<?.  Gilt  top. 
85.  (sd.  each.  Also  crown  %vo.  6j.  each.  Vols.  /. , II.,  III.,  IV., 
and  V. 

‘ The  time  has  certainly  arrived  for  a new  edition  of  Gibbon’s  great  work.  . . . Pro- 
fessor Bury  is  the  right  man  to  undertake  this  task.  His  learning  is  amazing, 
both  in  extent  and  accuracy.  The  book  is  issued  in  a handy  form,  and  at  a 
moderate  price,  and  it  is  admirably  printed.' — Times. 

‘ This  edition,  is  a marvel  of  erudition  and  critical  skill,  and  it  is  the  very  minimum 
of  praise  to  predict  that  the  seven  volumes  of  it  will  supersede  Dean  Milman’s  as 
the  standard  edition  of  our  great  historical  classic.’ — Glasgow  Herald. 

‘ -At  last  there  is  an  adequate  modern  edition  of  Gibbon.  . . . The  best  edition  the 
nineteenth  century  could  produce.’ — Manchester  Guardian. 

Flinders  Petrie.  A HISTORY  OF  EGYPT, fromthe  Earliest 
Times  to  the  Present  Day.  Edited  by  W.  M.  Flinders 
Petrie,  D.C.  L.,  LL.D.,  Professor  of  Egyptology  at  University 
College.  Fully  Illustrated.  In  Six  Volumes.  Crown  2>vo.  6s.  each. 

Vol.  I.  Prehistoric  Times  to  XVIth  Dynasty.  W.  M.  F. 

Petrie.  Third  Edition. 

Vol.  II.  The  XVIIth  and  XVIIIth  Dynasties.  W.  M.  F. 

Petrie.  Second  Edition. 

‘ A history  written  in  the  spirit  of  scientific  precision  so  worthily  represented  bj)  Dr. 
Petrie  and  his  school  cannot  but  promote  sound  and  accurate  study,  and 
supply  a vacant  place  in  the  English  literature  of  Egyptology.’ — Times. 

Flinders  Petrie.  RELIGION  AND  CONSCIENCE  IN 
ANCIENT  EGYPT.  By  W.  M.  Flinders  Petrie,  D.C.L., 
LL.D.  Fully  Illustrated.  Crown  8vo.  2s.  6d. 

‘ The  lectures  will  afford  a fund  of  valuable  information  for  students  of  ancient  ethics. 
—■Manchester  Guardian. 
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Flinders  Petrie.  SYRIA  AND  EGYPT,  FROM  THE  TELL 
EL  AMARNA  TABLETS,  By  W.  M.  Flinders  Petrie, 
D.C. L.,  LL.D.  Crown  %vo.  2s.  6d. 

‘ A marvellous  record.  The  addition  made  to  our  knowledge  is  nothing  short  of 
amazing.’ — Times. 

Flinders  Petrie.  EGYPTIAN  TALES.  Edited  by  W.  M. 
]‘'linders  Petrie.  Illustrated  by  Tristram  Ellis.  In  Two 
Volumes.  Crown  %vo.  y.  6d.  each. 

‘ A valuable  addition  to  the  literature  of  comparative  folk-lore.  The  drawings  are 
really  illustrations  in  the  literal  sense  of  the  word.’ — Globe. 

‘Invaluable  as  a picture  of  life  in  Palestine  and  Egypt.’ — Daily  News. 

Flinders  Petrie.  EGYPTIAN  DECORATIVE  ART.  By 
\V.  M.  Flinders  Petrie.  With  120  Illustrations.  Cr.%vo.  35.  6t/. 

‘ In  these  lectures  he  displays  rare  skill  in  elucidating  the  development  of 
decorative  art  in  Egypt,  and  in  tracing  its  influence  on  the  art  of  other 
countries.  ’ — Times. 

C.  W.  Oman.  A HISTORY  OF  THE  ART  OF  WAR. 
Vol.  II.  : The  Middle  Ages,  from  the  Fourth  to  the  Fourteenth 
Century.  By  C.  W.  O.MAN,  M.A.,  Fellow  of  All  Souls’,  Oxford. 
Illustrated.  Demy  %vo.  21s. 

‘ The  book  is  based  throughout  upon  a thorough  study  of  the  original  sources,  and 
will  be  an  indispensable  aid  to  all  students  of  mediaeval  history’.’ — Alhetueum. 

‘ The  whole  art  of  war  in  its  historic  evolution  has  never  been  treated  on  such  an 
ample  and  comprehensive  scale,  and  we  question  if  any  recent  contribution  to  the 
e.vact  history  of  the  world  has  possessed  greater  and  more  enduring  value.’ — Daily 
Chronicle. 

S.  Baring  Gould.  THE  TRAGEDY  OF  THE  CzESARS. 
With  numerous  Illustrations  from  Busts,  Gems,  Cameos,  etc.  By  S. 
Earing  Gould.  Fourth  Edition.  Royal  %vo.  15L 

‘ A most  splendid  and  fascinating  book  on  a subject  of  undying  interest.  The  great 
feature  of  the  book  is  the  use  the  author  has  made  of  the  existing  portraits  of  the 
Caesars,  and  the  admirable  critical  subtlety  he  has  exhibited  in  dealing  with  this 
line  of  research.  It  is  brilliantly  written,  and  the  illustrations  are  supplied  on  a 
scale  of  profuse  magnificence.’ — Daily  Chronicle. 

H.  de  B.  Gibbins.  INDUSTRY  IN  ENGLAND  : HISTORI- 
CAL OUTLINES.  By  II.  de  B.  Gibbins,  M.A.,  D.Litt.  With 
5 Maps.  Second  Edition.  Demy  8vo.  10s.  6d. 

H.  E.  Egerton.  A HISTORY  OF  BRITISH  COLONIAL 
POLICY.  By  II.  E.  Egerton,  M.A.  Demy  8vo.  i2^.  6tf. 

‘ It  is  a good  book,  distinguished  by  accuracy  in  detail,  clear  arrangement  of  facts, 
and  a broad  grasp  of  principles.’ — Manchester  Guardian. 

‘ Able,  impartial,  clear.  . . . A most  valuable  volume.’ — Athcnceum. 
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Albert  Sorel.  THE  EASTERN  QUESTION  IN  THE 
EIGHTEENTH  CENTURY.  By  Albert  Sorel,  of  the  French 
Academy.  Translated  by  F.  C.  Bramwell,  M.A.,  with  an  Intro- 
duction by  R.  C.  L.  Fletcher,  Fellow  of  Magdalen  College, 
Oxford.  With  a Map.  Crown  Svo.  4_f.  6d. 

‘The  .author's  insight  into  the  character  and  motives  of  the  leading  actors  in  the 
drama  gives  the  work  an  interest  uncommon  in  books  based  on  similar  material.’ — 
Scotsman. 

C.  H.  Grinling.  A HISTORY  OF  THE  GREAT  NORTHERN 
RAILWAY,  1845-95.  By  Charles  H.  Grinling.  With  Maps 
and  Illustrations.  Demy  Svo.  10s.  6d. 

‘Admirably  written,  and  crammed  with  interesting  facts.’ — Daily  Mail. 

‘ The  only  adequate  history  of  a great  English  railway  company  that  has  as  yet 
appeared.’ — fitnes. 

‘ Mr.  Grinling  has  done  for  the  history  of  the  Great  Northern  what  Macaulay  did  for 
English  History.’ — The  Engineer. 

A.  Clark.  THE  COLLEGES  OF  OXFORD  : Their  History 
and  their  Traditions.  By  Members  of  the  University.  Edited  by  A. 
Clark,  M.A.,  Fellow  and  Tutor  of  Lincoln  College.  Svo.  12s.  6d. 

‘ A work  which  will  certainly  be  appealed  to  for  many  years  as  the  standard  book  on 
the  Colleges  of  Oxford.’ — Athena-uni. 

Perrens.  THE  HISTORY  OF  FLORENCE  FROM  1434 
TO  1492.  By  F.  T.  Perrens.  Svo.  lar.  (id. 

A history  of  Florence  under  the  domination  of  Cosimo,  Piero,  and  Lorenzo  de 
Medicis. 

J.  Wells.  A SHORT  HISTORY  OF  ROME.  By  J.  Wells, 
M.A.,  Fellow  and  Tutor  of  Wadham  Coll.,  Oxford.  With  4 Maps. 
Second  Edition.  Cro7vn  Svo.  35.  6d. 

This  book  is  intended  for  the  Middle  and  Upper  Forms  of  Public  Schools  and  for 
Pass  Students  at  the  Universities.  It  contains  copious  Tables,  etc. 

‘An  original  work  written  on  an  original  plan,  and  with  uncommon  freshness  and 
vigour.  ’ — Speaker. 

0.  Browning.  A SHORT  HISTORY  OF  MEDIEVAL  ITALY, 
A.D.  1250-1530.  By  Oscar  Browning,  Fellow  and  Tutor  of  King's 
College,  Cambridge.  Second  Edition.  In  Two  Volumes.  Crown 
Svo.  5j.  each. 

VoL.  I.  1250-1409. — Guelphs  and  Ghibellines. 

VoL.  II.  1409-1530. — The  Age  of  the  Condottieri. 

‘ Mr.  Browning  is  to  be  congratulated  on  the  production  of  a work  of  immense 
labour  and  learning.’ — Westminster  Gazette. 

O’Grady.  THE  STORY  OF  IRELAND.  By  Standish 
O’Grady,  Author  of  ‘ Finn  and  his  Companions.’  Cr.  Svo.  2s.  6d. 

‘ Most  delightful,  most  stimulating.  Its  racy  humour,  its  original  imaginings, 
make  it  one  of  the  freshest,  breeziest  volumes.’ — Methodist  Times. 
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S.  Baring  Gould.  THE  LIFE  OF  NAPOLEON  BONA- 
PARTE. By  S.  Baring  Gould.  With  over  450  Illustrations  in 
the  Text  and  12  Photogravure  Plates.  Large  quarto.  Gilt  top.  36^. 

‘The  best  biography  of  Napoleon  in  our  tongue,  nor  have  the  French  as  good  a 
biographer  of  their  hero.  A book  very  nearly  as  good  as  Southey’s  “ Life  of 
Nelson."  ’ — Manchester  Guardian. 

‘The  main  feature  of  this  gorgeous  volume  is  its  great  wealth  of  beautiful  photo- 
gravures and  finely-executed  wood  engravings,  constituting  a complete  pictorial 
chronicle  of  Napoleon  I.’s  personal  history  from  the  days  of  his  early  childhood 
at  Ajaccio  to  the  date  of  his  second  interment.’ — Daily  Telegraph. 

‘ Nearly  all  the  illustrations  are  real  contributions  to  history.’  — Westminster  Gazette. 

Morris  Fuller.  THE  LIFE  AND  WRITINGS  OF  JOHN 
DAVENANT,  D.D.  (1571-1641),  Bishop  of  Salisbury.  By  Morris 
Fuller,  B.D.  Detny  Zvo.  loj-.  6t/. 

J.  M.  Rigg.  ST.  ANSELM  OF  CANTERBURY  : A Chapter 
IN  THE  History  OF  Religion.  ByJ.  M.  Rigg.  DemySvo.  7s.  6d. 
Mr.  Rigg  has  told  the  story  of  the  life  with  scholarly  ability,  and  has  contributed 
an  interesting  chapter  to  the  history  of  the  Norman  period.’ — Daily  Chronicle. 

F.  W.  Joyce.  THE  LIFE  OF  SIR  FREDERICK  GORE 
OUSELEY.  By  F.  W.  Joyce,  M.A.  7s.  6d. 

‘ This  book  has  been  undertaken  in  quite  the  right  spirit,  and  wTitten  with  sympathy, 
insight,  and  considerable  literary  skill.’ — Times. 

W.  G.  Collingwood.  THE  LIFE  OF  JOHN  RUSKIN.  By 
W.  G.  Collingwood,  M.A.  With  Portraits,  and  13  Drawings  by 
Mr.  Ruskin.  Second  Edition.  2 voh.  8vo.  32s. 

‘ No  more  magnificent  volumes  have  been  published  for  a long  time.' — Times. 

‘ It  is  long  since  we  had  a biography  with  such  delights  of  substance  and  of  form. 
Such  a book  is  a pleasure  for  the  day,  and  a joy  for  ever.’ — Daily  Chronicle. 

0.  Waldstein.  JOHN  RUSKIN.  By  Charles  W.aldstein, 
M.A.  With  a Photogravure  Portrait.  Post  Svo.  $s. 

‘A  thoughtful  and  well-written  criticism  of  Ruskin’s  teaching.’ — Daily  Chronicle. 

A.  M.  F.  Darnesteter.  THE  LIFE  OF  ERNEST  RENAN.  By 

Madame  Darmesteter.  With  Portrait.  Second  Edition.  Cr.8vo.  6s. 

‘ A poli.shed  gem  of  biography,  superior  in  its  kind  to  any  attempt  that  has  been  made 
of  recent  years  in  England.  Madame  Darmesteter  has  indeed  written  for  English 
readers  “ The  Life  of  Ernest  Ren.an.’” — Athcnaum. 

‘It  is  a fascinating  and  biographical  and  critical  study,  and  an  admirably  finished 
work  of  literary  art.’ — Scotsman.^ 

‘ It  is  interpenetrated  with  the  dignity  and  charm,  the  mild,  bright,  classic.al  grace  of 
form  and  treatment  that  Renan  himself  so  loved  ; and  it  fulfils  to  the  uttermost 
the  delicate  and  difficult  achievement  it  sets  out  to  accomplish.’ — Academy. 

W.  H.  Hutton.  THE  LIFE  OF  SIR  THOMAS  MORE.  By 

W.  ri.  Hutton,  M.A.  With  Portraits.  Crown  8vo.  $s. 

‘ The  book  lays  good  claim  to  high  rank  among  our  biographies.  It  is  excellently, 
even  lovingly,  written.’ — Scotsman.  ‘ An  excellent  monograph.’ — Times. 
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H.  H.  Johnston.  BRITISH  CENTRAL  AFRICA.  By  Sir 
H.  H.  Johnston,  K.C.B.  With  nearly  Two  Hundred  Illustrations, 
and  Six  Maps.  Second  Edition,  Croton  i\to.  3or.  net. 

‘ K fascinating  book,  written  with  equal  skill  and  charm — the  work  at  once  of  a 
literary  artist  and  of  a man  of  action  who  is  singularly  wise,  brave,  and  experi- 
enced. It  abounds  in  admirable  sketches  from  pencil.’ — Westminster  Gazette. 

‘ delightful  book  . . . collecting  within  the  covers  of  a single  volume  all  that  is 
known  of  this  part  of  our  African  domains;  The  voluminous  appendices  are  of 
extreme  value.’ — Manchester  Guardian. 

‘ The  book  takes  front  rank  as  a standard  work  by  the  one  man  competent  to  write 
it.’ — Daily  Chronicle. 

L.  Decle.  THREE  YEARS  IN  SAVAGE  AFRICA.  By 
Lionel  Decle.  With  loo  Illustrations  and  5 Maps.  Second 
Edition.  Demy  ^vo.  21s. 

‘ A fine,  full  book.’ — Pall  Mall  Gazette. 

‘ Abounding  m thrilling  adventures.’ — Daily  Telegraph. 

‘ His  book  is  profusely  illustrated,  and  its  bright  pages  give  a better  general  survey 
of  Africa  from  the  Cape  to  the  Equator  than  any  single  volume  that  has  yet  been 
published.’ — Times. 

‘ A delightful  book.’ — Academy. 

‘ Astonishingly  frank.  Every  page  deserves  close  attention.’ — Literature. 

‘ Unquestionably  one  of  the  most  interesting  books  of  travel  which  have  recently 
appeared  .'—S  tandard. 

‘ The  honest  impressions  of  a keen-eyed  and  intrepid  traveller.’ — Scotsman. 

‘ Appealing  powerfully  to  the  popular  imagination.’— 

Henri  of  Orleans.  FROM  TONKIN  TO  INDIA.  By  Prince 
Henri  of  Orleans.  Translated  by  Hamley  Bent,  M.A.  With 
100  Illustrations  and  a Map.  Crown  i\to,  gilt  top.  25^. 

‘ A welcome  contribution  to  our  knowledge.  The  narrative  is  full  and  interesting, 
and  the  appendices  give  the  work  a substantial  value.’ — Times. 

' The  Prince’s  travels  are  of  real  importance  . . . his  services  to  geography  have  been 
considerable.  The  volume  is  beautifully  illustrated.’ — Athenceum. 

R.  S.  S.  Baden-Powell.  THE  DOWNFALL  OF  PREMPEH. 
A Diary  of  Life  in  Ashanti,  1895.  Colonel  Baden-Powell. 
With  21  Illustrations  and  a Map.  Cheaper  Edition.  Large  Crown 
%vo.  6s. 

‘ A compact,  faithful,  most  readable  record  of  the  campaign.’— />«.•?>'  A'etvs. 

R.  S.  S.  Baden-Powell.  THE  MATABELE  CAMPAIGN,  1896. 

By  Colonel  Baden-Powell.  With  nearly  100  Illustrations.  Cheaper 
Edition.  Large  Crown  %vo.  6s. 

' .^s  a straightforward  account  of  a great  deal  of  plucky  work  unpretentiously  done, 
this  book  is  well  worth  reading.’ — Times. 

S.  L.  Hinde.  THE  FALL  OF  THE  CONGO  ARABS.  By 

S.  L.  Hinde.  With  Plans,  etc.  DemyZvo.  I2.f.  6d. 

‘ The  book  is  full  of  good  things,  and  of  sustained  interest.’ — St.  Jameses  Gazette. 

‘ A graphic  sketch  of  one  of  the  most  exciting  and  important  episodes  in  the  strug,^le 
for  supremacy  in  Central  Africa  between  the  Arabs  and  their  European  rivals.  — 
Times. 
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A.  St.  H.  Gibbons.  EXPLORATION  AND  HUNTING  IN 
CENTRAL  AFRICA.  By  Major  A.  St.  H.  Gibbons,  F. R.G.S. 
With  8 full-page  Illustrations  by  C.  Whymper,  25  Photographs  and 
Maps.  Demy  'i>vo.  1 5^. 

‘ His  book  is  a grand  record  of  quiet,  unassuming,  tactful  resolution.  His  adven- 
tures were  as  various  as  his  sporting  exploits  were  exciting.’ — Times. 

E.  H.  Alderson.  WITH  THE  MOUNTED  INFANTRY  AND 
MASIIONALAND  FIELD  FORCE,  1896.  By  Lieut. -Colonel 
Alderson.  With  numerous  Illustrations  and  Plans.  DemyZvo.  los.bd, 

‘All  interesting  contribution  to  the  story  of  the  British  Empire’s  growth.’ — Daily 
News. 

‘ A clear,  vigorous,  and  soldier-like  narrative.’ — Scotsman. 

Seymour  Vandeleur.  CAMPAIGNING  ON  THE  UPPER 
NILE  AND  NIGER.  By  Lieut.  Seymour  Vandeleur.  With 
an  Introduction  by  Sir  G.  Goldie,  K.C.  M.G.  With  4 Maps, 
Illustrations,  and  Plans.  Large  Crown  8vo.  los.  6d. 

Upon  the  African  question  there  is  no  book  procurable  which  contains  so  much  of 
value  as  this  one.’ — Guardian. 

Lord  Fincastle.  A FRONTIER  CAMPAIGN.  By  the  Viscount 
Fincastle,  V.C.,  and  Lieut.  P.  C.  Elliott-Lockhart.  With  a 
Map  and  16  Illustrations.  Seco^td  Edition.  Crown  8vo.  6s. 

‘An  admirable  book,  combining  in  a volume  a piece  of  pleasant  reading  for  the 
general  reader,  and  a really  valuable  treatise  on  frontier  war.’ — Athenceum. 

J.  K.  Trotter.  THE  NIGER  SOURCES.  By  Colonel  J.  K. 
Trotter,  R.  A.  With  a Map  and  Illustrations.  Crown  8vo.  55-. 

‘ A most  interesting  as  well  as  a lucidly  and  modestly  written  book.’ — Spectator. 

Michael  Davitt.  LIFE  AND  PROGRESS  IN  AUSTRAL- 
ASIA. By  Michael  Davitt,  M.P.  With  2 Maps.  Crown  8vo. 
6s.  500  pp. 

‘ An  interesting  and  suggestive  work.' — Daily  Chronicle. 

‘Contains  an  astonishing  amount  of  practical  information.’ — Daily  Mail. 

‘ One  of  the  most  valuable  contributions  to  our  store  of  Imperial  literature  that  has 
been  published  for  a very  long  time.’ — Pall  Mall  Gazette. 

W,  Crooke.  THE  NORTH-WESTERN  PROVINCES  OF 
INDIA:  Their  Ethnology  and  Administration.  By  W. 
Crooke.  With  Maps  and  Illustrations.  Demy8vo.  \os.6d. 

‘ carefully  and  well-written  account  of  one  of  the  most  important  provinces  of  the 
Empire.  Mr.  Crooke  deals  with  the  land  in  its  physical  aspect,  the  province 
under  Hindoo  and  Mussulman  rule,  under  British  rule,  its  ethnology  and  sociology, 
its  religious  and  social  life,  the  land  and  its  settlement,  and  the  native  peasant. 
The  illustrations  are  good,  and  the  map  is  excellent.’ — Manchester  Guardian. 

A.  Boisragon.  THE  BENIN  MASSACRE.  By  Captain 
Boisragon.  Second  Edition.  Crown  8vo.  3^.  6d. 

‘ If  the  story  had  been  written  four  hundred  years  ago  it  would  be  read  to-day  as  an 
English  classic.’ — Scotsman. 

‘ If  anything  could  enhance  the  horror  and  the  pathos  of  this  remarkable  book  it  is 
the  simple  style  of  the  author,  who  writes  as  he  would  talk,  unconscious  of  his 
own  heroism,  with  an  artlessness  which  is  the  highest  art  ’ — Pall  Mall  Gazette. 
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H.  S.  Cowper.  THE  HILL  OF  THE  GRACES  : or,  the  Great 
Stone  Temples  of  Tripoli.  By  II.  S.  Cowper,  F.S.A.  With 
Maps,  Plans,  and  75  Illustrations.  Demy  %vo.  loj.  (>d. 

Forms  a valuable  chapter  of  what  has  now  become  quite  a large  and  important 
branch  of  antiquarian  research.’ — Times. 

W.  Kinnaird  Rose.  WITH  THE  GREEKS  IN  THESSALY. 
By  W.  Kinnaird  Rose,  Reuter’s  Correspondent.  With  Plans  and 
23  Illustrations.  Crown  Svo.  6r. 

W.  B.  Worsfold.  SOUTH  AFRICA.  By  W.  B.  Worsfold, 
M.A.  IVii/i  a Map,  Second  Edition.  Crown  Svo.  6s. 

‘ A monumental  work  compressed  into  a very  moderate  compass.’ — World. 

Naval  and  Military 

G.  W.  Steevens.  NAVAL  POLICY  : By.  G.  W.  Steevens. 

Demy  Svo.  6s. 

This  book  is  a description  of  the  British  and  other  more  important  navies  of  the  world, 
with  a sketch  of  the  lines  on  which  our  naval  policy  might  possibly  be  developed. 
‘An  extremely  able  and  interesting  work.’ — Daily  Chronicle. 

D.  Hannay.  A SHORT  HISTORY  OF  THE  ROYAL  NAVY, 

From  Early  Times  to  the  Present  Day.  By  David  Hannay. 
Illustrated.  2 Vols.  Demy  Svo.  'js.  6d.  each.  Vol.  I.,  1200-1688. 
We  read  it  from  cover  to  cover  at  a sitting,  and  those  who  go  to  it  for  a lively  and 
brisk  picture  of  the  past,  with  all  its  faults  and  its  grandeur,  will  not  be  disappointed. 
The  historian  is  endowed  with  literary  skill  and  style.’ — Standard. 

‘We  can  warmly  recommend  Mr.  Hannay’s  volume  to  any  intelligent  student  of 
naval  history.  Great  as  is  the  merit  of  Mr.  Hannay’s  historical  narrative,  the 
merit  of  his  strategic  exposition  is  even  greater.’ — Times. 

C.  Cooper  King.  THE  STORY  OF  THE  BRITISH  ARMY.  By 
Colonel  Cooper  King,  Illustrated.  Demy  Svo.  "js.  6d. 

‘ An  authoritative  and  accurate  story  of  England’s  military  progress.’ — Daily  ATail. 

‘ This  handy  volume  contains,  in  a compendious  form,  a brief  but  adequate  sketch  of 
the  story  of  the  British  army.’ — Daily  News. 

R.  Southey.  ENGLISH  SEAMEN  (Howard,  Clifford,  Hawkins, 
Drake,  Cavendish).  By  Robert  Southey.  Edited,  with  an 
Introduction,  by  David  Hannay.  Second  Edition.  CrownSvo.  6s. 

‘ Admirable  and  well-told  stories  of  our  naval  history.’ — Am7ty  and  Navy  Gazette. 

‘ A brave,  inspiriting  book.’ — Black  and  White. 

W.  Clark  Russell.  THE  LIFE  OF  ADMIRAL  LORD  COL- 
LINGWOOD.  By  W.  Clark  Russell.  With  Illustrations  by 
F.  Brangwyn.  Third  Editioti.  Croton  Svo.  6s. 

‘ A book  which  we  should  like  to  see  in  the  hands  of  every  boy  in  the  country.’ — 
St.  James's  Gazette.  ‘ A really  good  book.’ — Saturday  Review. 

E.  L.  S.  Horsburgh.  THE  CAMPAIGN  OF  WATERLOO. 

By  E.  L.  S.  Horsburgh,  B.A.  With  Plans.  CrownSvo.  5J. 

‘A  brilliant  essay — simple,  sound,  and  thorough.’ — Daily  Chronicle. 
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H.B.  George.  BATTLES  OF  ENGLISH  HISTORY.  ByH.B. 
George,  M.A. , Fellow  of  New  College,  Oxford.  With  numerous 
Plans.  Third  Edition,  Croiv?i  8vo,  6s. 

Mr.  George  has  undertaken  a very  useful  task — that  of  making  military  affairs  in- 
telligible and  instructive  to  non-military  readers — and  has  executed  it  with  laud- 
able intelligence  and  industry',  and  with  a large  measure  of  success.’ — Times. 

General  Literature 

S.  Baring  Gould.  OLD  COUNTRY  LIFE.  By  S.  Baring 
Gould.  With  Sixty-seven  Illustrations.  Large  Crown  8w.  Fifth 
Edition.  6s. 

‘ “ Old  Country  Life,”  as  healthy  wholesome  reading,  full  of  breezy  life  and  move- 
ment, full  of  quaint  stories  vigorously  told,  will  not  be  excelled  by  any  book  to  be 
published  throughout  the  year.  Sound,  hearty,  and  English  to  the  core.’ — World. 

S.  Baring  Gould.  HISTORIC  ODDITIES  AND  STRANGE 
EVENTS.  By  S.  Baring  Gould.  Fourth  Edition.  Crown8vo.  6s. 

' A collection  of  exciting  and  entertaining  chapters.  The  whole  volume  is  delightful 
reading.’ — Times. 

S.  Baring  Gould.  FREAKS  OF  FANATICISM.  By  S.  Baring 

Gould.  Third  Editio7i.  Crown  8vo.  6s. 

‘ A perfectly  fascinating  book.’ — Scottish  Leader. 

S.  Baring  Gould.  A GARLAND  OF  COUNTRY  SONG: 
English  Folk  Songs  with  their  Traditional  Melodies.  Collected  and 
arranged  by  S.  Baring  Gould  and  H.  F.  Sheppard.  Detjiy  ^to.  6s. 

S.  Baring  Gould.  SONGS  OF  THE  WEST;  Traditional 
Ballads  and  Songs  of  the  West  of  England,  with  their  Melodies. 
Collected  by  S.  Baring  Gould,  M.A.,  and  H.  F.  Sheppard, 
M.A.  In  4 Parts.  Farts  /.,  //.,  II/.,  3r.  each.  Part  IV.,  5r. 
In  otte  Vol.,  French  morocco,  155. 

A rich  collection  of  humour,  pathos,  grace,  and  poetic  fancy.’ — Saturday  Rcvicsv. 

S.  Baring  Gould.  YORKSHIRE  ODDITIES  AND  STRANGE 
EVENTS.  By  S.  Baring  Gould.  Fourth  Edition.  Crowfi8vo. 
6s. 

S.  Baring  Gould.  STRANGE  SURVIVALS  AND  SUPER- 
STITIONS. By  S.  Baring  Gould.  Crown  8z>o.  Second  Edition. 
6s. 

S.  Baring  Gould.  THE  DESERTS  OF  SOUTHERN 
FRANCE.  By  S.  Baring-Gould.  2 vols.  Demy  8vo.  32L 

Cotton  Minchin.  OLD  HARROW  DAYS.  By  J.  G.  Cotton 
M INCHIN.  Crown  8vo  Second  Edition.  5r. 

‘ This  book  is  an  admirable  record.’ — Daily  Chronicle. 
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W.  E.  Gladstone.  THE  SPEECHES  OF  THE  RT.  HON. 
W.  E.  GLADSTONE,  M.P.  Edited  by  A.  W.  Hutton,  M.A., 
and  PI.  J.  Cohen,  M.A.  With  Portraits.  Demy  8w.  Voh.  IX. 
and  X.  12S.  6d.  each. 

E.  V.  Zenker.  ANARCHISM.  By  E.  V.  Zenker.  De7>iy  Zvo, 
Ts.  6d. 

‘ Well-written,  and  full  of  shrewd  comments.’ — The  Speaker. 

‘ Herr  Zenker  has  succeeded  in  producing  a careful  and  critical  history  of  the  growth 
of  Anarchist  theory.  He  is  to  be  congratulated  upon  a really  interesting  work.’ — 
Literature. 

H.  G.  Hutchinson.  THE  GOLFING  PILGRIM.  By  Horace 
G.  Hutchinson.  C7-own  2,vo.  6j-. 

‘ Full  of  useful  information  with  plenty  of  good  stories.’ — Truth. 

‘ Without  this  book  the  golfer’s  library  will  be  incomplete.’ — Pall  Mall  Gazette. 

‘ We  can  recommend  few  books  as  better  company.’ — St.  James's  Gazette. 

‘ It  will  charm  all  golfers.’— T’/w^r. 

‘ Decidedly  pleasant  reading.’ — Atheucemn. 

J.  Wells.  OXFORD  AND  OXFORD  LIFE.  By  Members  of 
the  University.  Edited  by  J.  Wells,  M.A.,  P'ellow  and  Tutor  of 
Wadham  College.  Second  Edition.  Crown  8vo.  3^.  6d. 

‘ We  congratulate  Mr.  Wells  on  the  production  of  a readable  and  intelligent  account 
of  O-icford  as  it  is  at  the  present  time,  written  by  persons  who  are  possessed  of  a 
close  acquaintance  with  the  system  and  life  of  the  University.’ — Athenaum. 

J.  Wells.  OXFORD  AND  ITS  COLLEGES.  By  J.  Wells, M.A., 
Fellow  and  Tutor  of  W’adham  College.  Illustrated  by  E.  II.  New. 
Second  Edition.  Fcap.  %vo.  3J.  Leather,  ^s.  6d.  net. 

‘ An  admirable  and  accurate  little  treatise,  attractively  illustrated.’ — World. 

‘A  luminous  and  tasteful  little  volume.’ — Daily  Chronicle. 

‘ Exactly  what  the  intelligent  visitor  wants.’ — Glasgow  Herald. 

0.  G.  Robertson.  VOCES  ACADEMIC^E.  By  C.  Grant 
Robertson,  M.A. , Fellow  of  All  Souls’,  Oxford.  With  a L'rontis- 
piece.  Pott.  2>vo.  3^.  6d. 

‘ Decidedly  clever  and  amusing.’ — Athenceum. 

‘A  clever  and  entertaining  little  book.’ — Pall  Mall  Gazette. 

L.  Whibley.  GREEK  OLIGARCHIES  : THEIR  ORGANISA- 
TION AND  CPIARACTER.  By  L.  Whibley,  M.A.,  Fellow 
of  Pembroke  College,  Cambridge.  Crown  ^vo.  6s. 

‘ An  exceedingly  useful  handbook  : a careful  and  well-arranged  .study.' — Times. 

L.  L.  Price.  ECONOMIC  SCIENCE  AND  PRACTICE. 
By  L.  L.  Price,  M.A. , Fellow  of  Oriel  College,  Oxford.  Crown 
8vo.  6s. 

J.  S.  Shedlock.  THE  PIANOFORTE  SONATA : Its  Origin 
and  Development.  By  J.  S.  Shedlock.  Crown  8vo.  55. 

‘ This  work  should  be  in  the  possession  of  every  musician  and  amateur.  A concise 
and  lucid  history  and  a very  valuable  work  for  reference.’ — Athenceum. 

E.M.  Bowden.  THE  EXAMPLE  OF  BUDDHA:  Being  Quota- 
tions from  Buddhist  Literature  for  each  Day  in  the  Year.  Compiled 
by  E.  M.  Bowden.  Third  Edition.  16/no.  2s.  6d. 
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Freudenreich.  DAIRY  BACTERIOLOGY.  A Short  Manual 
for  the  Use  of  Students.  By  Dr.  Ed.  von  Freudenreich. 
Translated  byj.  R.  Ainsworth  Davis,  B.A.  Crown  8vo  2s.6d. 

Chalmers  Mitchell.  OUTLINES  OF  BIOLOGY.  By  P. 
Chalmers  Mitchell,  M.A.,  Illustrated.  Crown  8vo.  6s. 

A text-book  designed  to  cover  the  new  Schedule  issued  by  the  Royal  College  cf 
Physicians  and  Surgeons. 

G.Massee,  A MONOGRAPH  OF  THE  MYXOGASTRES.  By 
George  Massee.  With  12  Coloured  Plates.  Royal  8vo.  \8s.net. 

‘ A work  much  in  advance  of  any  book  in  the  language  treating  of  this  group  of 
organisms.  Indispensable  to  every  student  of  the  Myxogastres. ' — Nature. 

Stephenson  and  Suddards.  ORNAMENTAL  DESIGN  FOR 
WOVEN  FABRICS.  By  C.  Stephenson,  of  The  Technical 
College,  Bradford,  and  F.  Suddards,  of  The  Yorkshire  College, 
Leeds.  With  65  full-page  plates.  Demy  8vo.  ys.  6d. 

‘The  book  is  very  ably  done,  displaying  an  intimate  knowledge  of  principles,  good 
taste,  and  the  faculty  of  clear  exposition.’ — Yorkshh-e  Post. 

TEXT-BOOKS  OF  TECHNOLOGY. 

Edited  by  Professors  GARNETT  and  WERTHEIMER. 
Plow  TO  MAKE  A DRESS.  By  J.  A.  E.  Wood. 

Illustrated.  Crown  8vo.  u.  6d. 

A text-book  for  students  preparing  for  the  City  and  Guilds  examination,  based  on 
the  syllabus.  The  diagrams  are  numerous. 

‘ Though  primarily  intended  for  students.  Miss  Wood’s  dainty  little  manual  may  be 
consulted  with  advantage  by  any  girls  who  want  to  make  their  own  frocks.  The 
directions  are  simple  and  clear,  and  the  diagrams  very  helpful.’ — Literature. 

‘A  splendid  little  book.’ — Evening  News. 

Philosophy 

L.  T.  Hobhouse.  THE  THEORY  OF  KNOWLEDGE.  By 
L.  T.  IIOimouSE,  Fellow  of  C.C.  C,  Oxford.  Demy8vo.  2is. 

‘ The  most  important  contribution  to  English  philosophy  since  the  publication  of  Mr. 

Bradley’s  “ Appearance  .and  Reality."  ’ — Glasgenv  Herald. 

‘ A brilliantly  written  volume.’ — Times. 

W.  H.  Fairbrother.  THE  PHILOSOPHY  OF  T.  H.  GREEN. 
By  W.  H.  PYururother,  M.A.  Crown8vo.  35.  6d. 

‘ In  every  w'ay  an  admirable  book.’ — Glasgow  Herald. 

F.  W.  Bussell.  THE  SCHOOL  OF  PLATO.  By  F.  W. 
Bussell,  D.D.  , Fellow  of  Brasenose  College,  Oxford.  Demy  8vo. 
105.  6d. 

‘ A highly  valuable  contribution  to  the  history  of  ancient  thought.’— Herald. 

‘ A clever  and  stimulating  book, — Manchester  Guardian. 


Messrs.  Methuen’s  List 


21 


F.  S.  Granger.  THE  WORSHIP  OF  THE  ROMANS.  By 
F.  S.  Granger,  M.A.,  Litt.D.,  Professor  of  Philosophy  at  Univer- 
sity College,  Nottingham.  Crown  Svo,  6s. 

‘ A scholarly  analysis  of  the  religious  ceremonies, beliefs,  and  superstitions  of  ancient 
Rome,  conducted  in  the  new  light  of  comparative  anthropology.’ — Times, 


Theology 


of  fTbeolocn?. 

General  Editor,  A.  Robertson,  D.D.,  Principal  of  King’s  College, 

London. 


THE  XXXIX.  ARTICLES  OF  THE  CHURCH  OF  ENG- 
LAND. Edited  with  an  Introduction  by  E.  C.  S.  Gibson,  D.D.  , 
Vicar  of  Leeds,  late  Principal  of  Wells  Theological  College.  Second 
and  Cheaper  Edition  in  One  Volume.  Dc7ny  Svo.  I2s.  6d. 

‘ Dr.  Gibson  is  a master  of  clear  and  orderly  exposition.  And  he  has  in  a high 
degree  a quality  very  necessary,  but  rarely  found,  in  commentators  on  this  topic, 
that  of  absolute  fairness.  His  book  is  pre-eminently  honest.' — Times. 

‘ After  a survey  of  the  whole  book,  we  can  bear  witness  to  the  transparent  honesty 
of  purpose,  evident  industry,  and  clearness  of  style  which  mark  its  contents. 
They  maintain  throughout  a very  high  level  of  doctrine  and  tone.’ — Cttardian. 

‘ The  most  convenient  and  most  acceptable  commentary.’ — Expository  Times. 


AN  INTRODUCTION  TO  THE  HISTORY  OF  RELIGION. 
By  F.  B.  Jevons,  M.A.,  Litt.D.,  Principal  of  Bishop  Platfield’s 
Hall.  Detny  Svo.  los.  6d. 

‘Dr.  Jevons  has  written  a notable  work,  which  we  can  strongly  recommend  to  the 
serious  attention  of  theologians  and  anthropologists.’ — Manchester  Guardian. 

‘ The  merit  of  this  book  lies  in  the  penetration,  the  singular  acuteness  and  force  of  the 
author’s  judgment.  He  is  at  once  critical  and  luminous,  at  once  just  and  suggestive. 
A comprehensive  and  thorough  book.’ — Bir7ningkam  Post. 

THE  DOCTRINE  OF  THE  INCARNATION.  By  R.  L. 
Ottley,  M.  a.  , late  fellow  of  Magdalen  College,  Oxon. , and  Principal 
of  Pusey  House.  /«  Two  Volumes.  Demy  Svo.  15^. 

‘ Learned  and  reverent : lucid  and  well  arranged.’ — Record. 

‘ A clear  and  remarkably  full  account  of  the  main  currents  of  speculation.  Scholarly 
precision  . . . genuine  tolerance  . . . intense  interest  in  his  subject — are  Mr. 
Ottley’s  merits." — Guardiaft. 


fTbe  Gburcbman’6  Xibrar^. 

Edited  by  J.  H.  BURN,  B.D. 

THE  BEGINNINGS  OF  ENGLISH  CHRISTIANITY.  By 
W.  E.  Collins,  M.  A.,  Professor  of  Ecclesiastical  Plistory  at  King’s 
College,  London.  With  Map.  Crown  Svo.  Jr.  6d. 

An  investigation  in  detail,  based  upon  original  authorities,  of  the  beginnings  of  the 
English  Church,  with  a careful  account  of  earlier  Celtic  Christianity.  Some  very 
full  appendices  treat  of  a number  of  special  subjects. 

‘ An  e.xcellent  e.xample  of  thorough  and  fresh  historical  work.  — Guardia7i, 

SOME  NEW  TESTAMENT  PROBLEMS.  By  Arthur 
WRiGii  r,  Fellow  of  Queen’s  College,  Cambridge.  Crown  Svo  6^. 

‘ Bold  and  outspoken  ; earnest  and  reverent.’ — Giaspoiv  Herald. 
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S.  R.  Driver.  SERMONS  ON  SUBJECTS  CONNECTED 

WITH  THE  OLD  TESTAMENT.  By  S.  R.  Driver,  D.D., 
Canon  of  Christ  Church,  Regius  Professor  of  Hebrew  in  the  Uni- 
versity of  Oxford.  Crown  8vo.  6s. 

‘ A welcome  companion  to  the  author’s  famous  ‘ Introduction.’ — Guardian. 

T.  K.  Cheyne.  FOUNDERS  OF  OLD  TESTAMENT  CRITI- 

CISM. By  T.  K.  Cheyne,  D.D.,  Oriel  Professor  at  Oxford. 
Large  crown  %vo.  "js,  6d. 

A historical  sketch  of  O.  T.  Criticism. 

‘ A very  learned  and  instructive  work.’ — Times. 

H.  H.  Henson.  DISCIPLINE  AND  LAW.  By  H.  Hensley 
Henson,  B. D.,  Fellow  of  All  Souls’,  Oxford;  Incumbent  of  St. 
Mary’s  Hospital,  Ilford  ; Chaplain  to  the  Bishop  of  St.  Albans. 
Fcap.  %vo.  2s.  6d. 

‘ .\n  admirable  little  volume  of  Lent  addresses.  We  warmly  commend  the  general 
drift  of  Mr.  Henson’s  book.’ — Guardian. 

H.  H.  Henson.  LIGHT  AND  LEAVEN  : Historical  and 
Social  Sermons.  By  H.  Hensley  Henson,  M.A.  Crown  Sz'o. 
6s. 

‘They  are  always  reasonable  as  well  as  vigorous.’ — Scotsman. 

W.  H.  Bennett.  A PRIMER  OF  THE  BIBLE.  By  Prof. 

W.  H.  Bennett.  Second  Edition.  Crown  %vo.  2s.  6d. 

‘The  work  of  an  honest,  fearless,  and  sound  critic,  and  an  excellent  guide  in  a sm.all 
compass  to  the  books  of  the  Bible.’ — Manchester  Guardian, 

‘ A unique  primer.’ — English  Churchman. 

C.H.Prior.  CAMBRIDGE  SERMONS.  Edited  by  C.H.  Prior, 

M.A.,  Fellow  and  Tutor  of  Pembroke  College.  Crown  %vo.  6s. 

A volume  of  sermons  preached  before  the  University  of  Cambridge  by  various 
preachers,  including  the  late  Archbishop  of  Canterbury  and  Bishop  Westcott. 

Cecilia  Robinson.  THE  MINISTRY  OF  DEACONESSES. 
By  Deaconess  Cecilia  Robinson.  With  an  Introduction  by  the 
Lord  Bishop  of  Winchester  and  an  Appendix  by  Professor  Armitagk 
Robinson.  Crown  8vo.  3.?.  6d. 

‘A  learned  and  interesting  book,  combining  with  no  ordinary  skill  the  authority  of 
learned  research  with  the  practical  utility  of  a descriptive  manual  of  parish  work.’ 
— Scotsman. 

E.  B.  Layard.  RELIGION  IN  BOYHOOD.  Notes  on  the 

Religious  Training  of  Boys.  By  E.  B.  Layard,  M.A.  \8mo.  ir. 

W.  Yorke  Fausset.  THE  DE  CATECHIZANDIS 
RUDIBUS  OF  ST.  AUGUSTINE.  Edited,  with  Introduction, 
Notes,  etc.,  by  W.  Yorke  Fausset,  M.A.  Crown  Svo.  3s.  6d. 

An  edition  of  a Treatise  on  the  Essentials  of  Christian  Doctrine,  and  the  best 
methods  of  impressing  them  on  candidates  for  baptism. 

F.  Weston.  THE  HOLY  SACRIFICE.  By  F Weston,  M.A., 

Curate  of  St.  Matthew’s,  Westminster.  Pott  8z'o.  i.r. 

A small  volume  of  devotions  at  the  Holy  Communion,  especiallj’  adapted  to  the 
needs  of  servers  and  those  who  do  not  communicate. 
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A Kempis.  THE  IMITATION  OF  CHRIST.  By  Thomas  a 
Kempis.  With  an  Introduction  by  Dean  Farrar.  Illustrated  by 
C.  M.  Gere,  and  printed  in  black  and  red.  Second  Edition.  Fcap. 
Svo,  Buckram.  35.  6d.  Padded  morocco,  5^. 

‘Amongst  all  the  innumerable  English  editions  of  the  “ Imitation,”  there  can  have 
been  few  which  were  prettier  than  this  one,  printed  in  strong  and  handsome  type, 
with  all  the  glory  of  red  initials.’ — Glasgow  Herald. 

J.  Keble.  THE  CHRISTIAN  YEAR.  By  John  Keble.  With  an 
Introduction  and  Notes  by  W.  Lock,  D.  D.  , Warden  of  Keble  College, 
Ireland  Professor  at  Oxford,  Illustrated  by  R.  Anning  Bell. 
Second  Edition.  Fcap.  Svo.  Buckram.  3^.  6d.  Padded  morocco,  55. 

‘The  present  edition  is  annotated  with  all  the  care  and  insight  to  be  expected  from 
Mr.  Lock.  The  progress  and  circumstances  of  its  composition  are  detailed  in  the 
Introduction.  There  is  an  interesting  Appendix  on  the  mss.  of  the  “Christian 
Year,”  and  another  giving  the  order  in  which  the  poems  were  written.  A “ Short 
Analysis  of  the  Thought”  is  prefixed  to  each,  and  any  difficulty  in  the  text  is  ex- 
plained in  a note.’ — Guardian. 

^Tbe  2.tbrai‘^  of  Devotion. 

Pott  Svo,  cloth.  2s ; leather.  2s.  6d.  net. 

‘This  series  is  excellent.’— The  Bishop  of  London. 

‘ A very  delightful  edition.’ — The  Bishop  op  Bath  and  Wells. 

‘ Well  worth  the  attention  of  the  Clergy.’ — The  Bishop  of  Lichfield. 

‘ The  new  “ Library  of  Devotion  ” is  excellent.’ — The  Bishop  of  Peterborough. 

‘ Charming.’ — Record. 

‘Delightful.’ — Church  Bells. 

THE  CONFESSIONS  OF  ST.  AUGUSTINE.  Newly 
Translated,  with  an  Introduction  and  Notes,  by  C.  Bigg,  D. D. , 
late  Student  of  Christ  Church.  Second  Edition. 

‘ The  translation  is  an  excellent  piece  of  English,  and  the  introduction  is  a masterly- 
exposition.  We  augur  well  of  a series  which  begins  so  satisfactorily.’ — Titties. 

‘ No  translation  has  appeared  in  so  convenient  a form,  and  none,  we  think,  evidenc- 
ing so  true,  so  delicate,  so  feeling  a touch.’ — Birtninghatti  Post. 

‘ Dr.  Bigg  has  made  a new  and  vigorous  transl.ation,  and  has  enriched  the  text  with 
a luminous  introduction  and  pithy  notes.’ — Speaker. 

THE  CHRISTIAN  YEAR.  By  John  Keble.  With  Intro- 
duction and  Notes  by  Walter  Lock,  D.D.,  Warden  of  Keble 
College,  Ireland  Professor  at  Oxford. 

‘ No  prettier  book  could  be  desired.’ — Manchester  Guardian. 

‘The  volume  is  very  prettily  bound  and  printed,  and  may  fairly  claim  to  be  an 
advance  on  any  previous  editions.’ — Guardian. 

‘ The  introduction  is  admirable,  and  admirers  of  Keble  will  be  greatly  interested  in 
the  chronological  list  of  the  poems.’ — Bookman.' 

THE  IMITATION  OF  CHRIST.  A Revised  Translation, 
with  an  Introduction,  by  C.  BiGG,  D.D. , late  Student  of  Christ 
Church. 

Dr.  Bigg  has  made  a practically  new  tran.slation  of  this  book,  which  the  reader  will 
have,  almost  for  the  first  time,  exactly  in  the  shape  in  which  it  left  the  hands  of 
the  author. 

‘’The  text  is  at  once  scholarly  in  its  faithful  reproduction  in  English  of  the  sonorous 
Church  Latin  in  which  the  original  is  composed,  and  popular  in  the  sense  of  being 
simple  and  intelligible.’ — Scotsman. 
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?leatier0  oC  Eeligi'on 

Edited  by  H.  C.  BEECHING,  M.A,  IViik  Portraits,  crown  Sw.  3^.  6</. 

A series  of  short  biographies  of  the  most  prominent  leaders  of  religious 

life  and  thought  of  all  ages  and  countries. 

The  following  are  ready — 

CARDINAL  NEWMAN.  By  R.  H.  HUTTON. 

JOHN  WESLEY.  By  J.  H.  Overton,  M.A. 

BISHOP  WILBERFORCE.  By  G.  W.  Daniell,  M.A. 

CARDINAL  MANNING.  By  A.  W.  Hutton,  M.A. 

CHARLES  SIMEON.  By  H.  C.  G.  Moule,  D.D. 

JOHN  KEBLE.  By  Walter  Lock,  D.D. 

THOMAS  CHALMERS.  By  Mrs.  Oliphant. 

LANCELOT  ANDREWES.  By  R.  L.  Ottley,  M.A. 

AUGUSTINE  OF  CANTERBURY.  By  E.  L.  CuTTS,  D.D. 

WILLIAM  LAUD.  By  W.  H.  HUTTON,  B.D. 

JOHN  KNOX.  By  F.  MacCunn. 

JOHN  HOWE.  By  R.  F.  Horton,  D.D. 

BISHOP  KEN.  By  F.  A.  Clarke,  M.A. 

GEORGE  FOX,  THE  QUAKER.  By  T.  HODGKiN,  D.C.L. 

JOHN  DONNE.  By  AUGUSTUS  JESSOPP,  D.D. 

THOMAS  CRANMER.  By  A.  J.  M.yson. 

Other  volumes  will  be  announced  in  due  course. 

Fiction 

SIX  SHILLING  NOVELS 

Marie  Corelli’s  Novels 

Crown  %~M.  6r.  each. 

A ROMANCE  OF  TWO  WORLDS.  Eighteenth  Edition. 

VENDETTA.  Fourteenth  Edition. 

THELMA.  Tivaiticth  Editioti 

ARDATH.  Eleventh  Edition. 

THE  SOUL  OF  LILITH  Nmth  Edition. 

WORMWOOD.  Ninth  Edition. 

BARABBAS  : A DREAM  OF  THE  WORLD’S  TRAGEDY 

Thirty-third  Edition. 

‘ The  tender  reverence  of  the  tre.-itment  and  the  imaginative  beauty  of  the  writing 
have  reconciled  us  to  the  daring  of  the  conception,  and  the  conviction  is  forced  on 
us  that  even  so  exalted  a subject  cannot  be  made  too  familiar  to  us,  provided  it  be 
presented  in  the  true  spirit  of  Christian  faith.  The  amplifications  of  the  Scripture 
narrative  are  often  conceived  with  high  poetic  insight,  and  this  ‘‘  Dream  of  the 
World’s  Tragedy”  is  a lofty  and  not  inadequate  paraphrase  of  the  supreme 
climax  of  the  inspired  narrative.’— Revie^v. 

THE  SORROWS  OF  SATAN.  Thirty-ninth  Edition. 

‘ A very  powerful  piece  of  work.  . . . The  conception  is  magnificent,  and  is  likely 
to  win  an  abiding  place  within  the  memory  of  man.  . . . The  author  has  immense 
command  of  language,  and  a limitless  audacity.  . . . This  interesting  and  re- 
markable romance  will  live  long  after  much  of  the  ephemeral  literature  of  the  day 
is  forgotten.  ...  A literary  phenomenon  . . . novel,  and  even  sublime.’ — W.  T. 
Stead  in  the  Review  of  Reviews. 
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Anthony  Hope’s  Novels 

Crown  %vo.  6s.  each. 

THE  GOD  IN  THE  CAR.  Eighth  Edition. 

‘ A very  remarkable  book,  deserving  of  critical  analysis  impossible  within  our  limit ; 
brilliant,  but  not  superficial  ; well  considered,  but  not  elaborated  ; constructed 
with  the  proverbial  art  that  conceals,  but  yet  allows  itself  to  be  enjoyed  by  readers 
to  whom  fine  literary  method  is  a keen  pleasure.’—  The  World. 

.'X.  CHANGE  OF  AIR.  Fifth  Edition. 

‘A  graceful,  vivacious  comedy,  true  to  human  nature.  The  characters  are  traced 
with  a masterly  hand.’ — Times. 

A MAN  OF  MARK.  Fourth  Edition. 

‘ Of  all  Mr.  Hope’s  hooks,  “ A Man  of  Mark  ” is  the  one  which  best  compares  with 
“ The  Prisoner  of  Zenda.”  ’ — National  Observer. 

THE  CHRONICLES  OF  COUNT  ANTONIO.  Third  Edition. 

‘ It  is  a perfectly  enchanting  story  of  love  and  chivalry,  and  pure  romance.  The 
Count  is  the  most  constant,  desperate,  and  modest  and  tender  of  lovers,  a peerless 
gentleman,  an  intrepid  fighter,  a faithful  friend,  and  a magnanimous  foe.’ — 
Guardian. 

PHROSO.  Illustrated  by  H.  R.  Millar.  Third  Edition. 

‘The  tale  is  thoroughly  fresh,  quick  with  vitality,  stirring  the  blood,  and  humorously, 
dashingly  told.’ — Si.  James’s  Gazette. 

‘ A story  of  adventure,  every  page  of  which  is  palpitating  with  action.’ — Speaker. 

‘ From  cover  to  cover  “ Phroso  ” not  only  engages  the  attention,  but  carries  the  reader 
in  little  whirls  of  delight  from  adventure  to  adventure.’ — Academy. 

SIMON  DALE.  By  Anthony  Hope.  Illustrated,  Third 
Edition.  Crown  Svo.  6r. 

‘ “Simon  Dale ” is  one  of  the  best  historical  romances  that  have  been  written  for  a 
long  while.’ — St.  James's  Gazette. 

‘A  bright  and  gallant  story.’ — Graphic. 

‘A  brilliant  novel.  The  story  is  rapid  and  most  excellently  told.  As  for  the  hero, 
he  is  a perfect  hero  of  romance — he  is  brave,  witty,  adventurous,  and  a good 
lover.  ’ — A thenceujn. 

‘ There  is  searching  analysis  of  human  nature,  with  a most  ingeniously  constructed 
plot.  Mr.  Hope  has  drawn  the  contrasts  of  his  women  with  marvellous  subtlety 
and  delicacy.  This  love-story  of  200  years  ago  makes  the  man  and  the  woman 
live  again.’ — Times. 

S.  Baring  Gould’s  Novels 

Crown  Svo.  6s.  each. 

‘To  say  that  a hook  is  by  the  author  of  “Mehalah”  is  to  imply  that  it  contains  a 
story  cast  on  strong  lines,  containing  dramatic  possibilities,  vivid  and  sympathetic 
descriptions  of  Nature,  and  a wealth  of  ingenious  imagery.’ — Speaker. 

‘That  whatever  Mr.  Baring  Gould  writes  is  well  worth  reading,  is  a conclusion  that 
may  be  very  generally  accepted.  His  views  of  life  are  fresh  and  vigorous,  his 
language  pointed  and  characteristic,  the  incidents  of  which  he  makes  use  are 
striking  and  original,  his  characters  are  life-like,  and  though  somewhat  excep- 
tional people,  are  drawn  and  coloured  with  artistic  force.  Add  to  this  that  his 
descriptions  of  scenes  and  scenery  are  painted  with  the  loving  eyes  and  skilled 
hands  of  a master  of  his  art,  that  he  is  always  fresh  and  never  dull,  and  it  is 
no  wonder  that  readers  have  gained  confidence  in  his  power  of  amusing  and 
satisfying  them,  and  that  year  by  year  his  popularity  widens.’ — Court  Circular. 

A R M I N E L L,  Fourth  Edition. 

U R I T H . Fifth  Edition. 

IN  THE  ROAR  OF  THE  SEA.  Sixth  Edition. 

MRS.  CURGENVEN  OF  CURGENVEN.  Fourth  Edition. 
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CHEAP  JACK  ZITA.  Fourth  Edition. 

THE  QUEEN  OF  LOVE,  Fourth  Edition. 

MARGERY  OF  QUETHER.  Third  Edition. 

J A C Q U ETT  A.  Third  Edition. 

KITTY  ALONE.  Fifth  Edition. 

NO^IMI.  Illustrated  by  R.  C.  Woodville,  Third  Edition. 

THE  BROOM-SQUIRE.  Illustrated  by  F Dadd.  Fourth 
Edition. 

THE  PENNYCOMEQUICKS.  Third  Edition. 

DARTMOOR  IDYLLS. 

GUAVAS  THE  TINNER.  Illustrated  by  F.  Dadd.  Second 
Edition. 

BLADYS.  Illustrated.  Second  Editiofi. 

Gilbert  Parker’s  Novels 

Crown  Svo.  6s.  each. 

PIERRE  AND  HIS  PEOPLE.  Fourth  Edition. 

‘ Stories  happily  conceived  and  finely  executed.  There  is  strength  and  genius  in  Mr. 
Parker’s  style.’ — Daily  Telegraph. 

MRS.  FALCHION.  Fourth  Edition. 

‘ A splendid  study  of  character.’ — Atheneeum. 

‘ But  little  behind  anything  that  has  been  done  by  any  writer  of  our  time.’ — Pall 
Mall  Gazette.  ‘ A very  striking  and  admirable  novel.’ — St.  James's  Gazette. 

THE  TRANSLATION  OF  A SAVAGE. 

‘ The  plot  is  original  and  one  difficult  to  work  out ; but  Mr.  Parker  has  done  it  with 
great  skill  and  delicacy.  The  reader  who  is  not  interested  in  this  original,  fresh, 
and  well-told  tale  must  be  a dull  person  indeed.’ — Daily  Chronicle. 

THE  TRAIL  OF  THE  SWORD.  Illustrated.  Sixth  Edition. 

‘ A rousing  and  dramatic  tale.  A book  like  this,  in  which  swords  flash,  great  sur- 
prises are  undertaken,  and  daring  deeds  done,  in  which  men  and  women  live  and 
love  in  the  old  passionate  way,  is  a joy  inexpressible  .’ — Daily  Chronicle. 

WHEN  VALMOND  CAME  TO  PONTIAC:  The  Story  of 
a Lost  Napoleon.  Fourth  Edition. 

‘ Here  we  find  romance — real,  breathing,  living  romance.  The  character  of  Valmond 
is  drawn  unerringly.  The  book  must  be  read,  we  may  say  re-read,  for  any  one 
thoroughly  to  appreciate  Mr.  Parker’s  delicate  touch  and  innate  sympathy  with 
humanity.’ — Pall  Mall  Gazette. 

AN  ADVENTURER  OF  THE  NORTH:  The  Last  Adven- 
tures of  ‘ Pretty  Pierre.’  Second  Edition. 

'The  present  book  is  full  of  fine  and  moving  stories  of  the  great  North,  and  it  will 
add  to  Mr.  Parker’s  already  high  reputation.’— Herald. 

THE  SEATS  OF  THE  MIGHTY.  Illustrated.  Ninth  Edition. 

‘The  be.st  thing  he  has  done  ; one  of  the  best  things  that  any  one  has  done  lately.’ — 
St.  James's  Gazette. 

‘ Mr.  Parker  seems  to  become  stronger  and  easier  with  every  serious  novel  that  he 
attempts.  He  shows  the  matured  power  which  his  former  novels  have  led  us  to 
expect,  and  has  produced  a really  fine  historical  novel.’ — Athenerum. 

‘ A great  book.’ — Black  and  White. 

‘One  of  the  strongest  stories  of  historical  interest  and  adventure  that  we  have  read 
for  many  a day.  ...  A notable  and  successful  book.’ — Speaker. 
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THE  POMP  OF  THE  LAVILETTES.  Second  Edition,  zs.td. 

‘ Living,  breathing  romance,  genuine  and  unforced  pathos,  and  a deeper  and  more 
subtle  knowledge  of  human  nature  than  Mr.  Parker  has  ever  displayed  before. 
It  is,  in  a word,  the  work  of  a true  artist.’ — Pall  Mall  Gazette. 


Conan  Doyle.  ROUND  THE  RED  LAMP.  By  A.  Conan 

Doyle.  Sixth  Edition.  Crown  %vo.  6s. 

‘ The  book  is  far  and  away  the  best  view  that  has  been  vouchsafed  us  behind  the 
scenes  of  the  consulting-room.’ — Illustrated  London  News. 

Stanley  Weyman.  UNDER  THE  RED  ROBE.  By  Stanley 
Weyman,  Author  of  ‘A  Gentleman  of  France.’  With  Illustrations 
by  R.  C.  Woodville.  Fourteenth  Edition.  Crown  ^vo.  6s. 

‘ A book  of  which  we  have  read  every  word  for  the  sheer  pleasure  of  reading,  and 
which  we  put  down  with  a pang  that  we  cannot  forget  it  all  and  start  again.’ — 
Westminster  Gazette. 

‘ Every  one  who  reads  books  at  all  must  read  this  thrilling  romance,  from  the  first 
page  of  which  to  the  last  the  breathless  reader  is  haled  along.  An  inspiration  of 
manliness  and  courage.’ — Daily  Chronicle. 

Lucas  Malet.  THE  WAGES  OF  SIN.  By  Lucas 

Mai.ET.  Thirteenth  Edition.  Crown  %vo.  6^. 

Lucas  Malet.  THE  CARISSIMA.  By  Lucas  Malet, 
Author  of  ‘ The  Wages  of  Sin,’  etc.  Third  Edition.  Crown  Svo.  6s. 

S.  R.  Crockett.  LOCH  INVAR.  By  S.  R.  Crockett,  Author 
of  ‘ The  Raiders,’ etc.  Illustrated.  Second  Edition.  Crown  ^vo.  6s. 

‘ Full  of  gallantry  and  pathos,  of  the  clash  of  arms,  and  brightened  by  episodes  of 
humour  and  love.  . . . Mr.  Crockett  has  never  written  a stronger  or  better  book.’ 
— Westminster  Gazette. 

S.  R.  Crockett.  THE  STANDARD  BEARER.  By  S.  R. 

Crockett.  Croton  8w.  6s. 

‘ A delightful  tale  in  his  best  style.’ — Speaker. 

‘ Mr.  Crockett  at  his  best.’ — Literature. 

‘ Enjoyable  and  of  absorbing  interest.’ — Scotsman. 

Arthur  Morrison.  TALES  OF  MEAN  STREETS.  By  Arthur 

Morrison.  Fifth  Edition.  Crown  8vo.  6s. 

‘ Told  with  consummate  art  and  extraordinary  detail.  In  the  true  humanity  of  the 
book  lies  its  justification,  the  permanence  of  its  interest,  and  its  indubitable 
triumph.’ — A tlunceum. 

‘ A great  hook.  The  author’s  method  is  amazingly  effective,  and  produces  a thrilling 
sense  of  reality.  The  writer  lays  upon  us  a master  hand.  'The  book  is  simply 
appalling  and  irresistible  in  its  interest.  It  is  humorous  also  ; without  humour 
it  would  not  make  the  mark  it  is  certain  to  mzike.’  — World. 

Arthur  Morrison.  A CHILD  OF  THE  JAGO.  By  Arthur 

Morrison.  Third  Edition.  Crown  8vo.  6s. 

‘ The  book  is  a masterpiece.’ — Pall  Mall  Gazette. 

•Told  with  great  vigour  and  powerful  simplicity.’ — Athentrum. 
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Mrs.  Clifford.  A FLASH  OF  SUMMER.  By  Mrs.  W.  K.  Clif- 
ford, Author  of  ‘ Aunt  Anne,’  etc.  Second  Edition.  Crown  %vo.  6s. 
‘ The  story  is  a very  beautiful  one,  exquisitely  told.  ’ — Speaker. 

Emily  Lawless.  HURRISH.  By  the  Honble.  Emily  Law- 

less, Author  of  ‘ Maelcho,’  etc.  Fifth  Edition.  Crown  8vo.  6s. 

Emily  Lawless.  MAELCHO  : a Sixteenth  Century  Romance. 

By  the  Honble.  Emily  Lawless.  Second  Edition.  Crown  8vo.  6s. 

‘ A really  great  book.’ — Spectator. 

‘There  is  no  keener  pleasure  in  life  than  the  recognition  of  genius.  A piece  of  worl 
of  the  first  order,  which  we  do  not  hesitate  to  describe  as  one  of  the  most 
remarkable  literary  achievements  of  this  generation.’ — Manchester  Guardian. 

Emily  Lawless.  TRAITS  AND  CONFIDENCES.  By  The 

Honble.  Emily  Lawless.  Crown  8vo.  6s. 

‘ A very  charming  little  volume.  A book  which  cannot  be  read  without  pleasure  and 
profit,  written  in  excellent  English,  full  of  delicate  spirit,  and  a keen  appreciation 
of  nature,  human  and  inanimate.’ — Pall  Mall  Gazette. 

Jane  Barlow.  A CREEL  OF  IRISH  STORIES.  By  Jane 

Barlow,  Author  of  ‘ Irish  Idylls.  ’ Second  Edition.  Crown  Svo.  6s. 

‘ Vivid  and  singularly  real.’ — Scotsman. 

J.  H.  Findlater.  THE  GREEN  GRAVES  OF  BALGOWRIE. 

By  Jane  H.  Findlater.  Fourth  Edition.  Croivn  8vo.  6s. 

‘A  powerful  and  vivid  story.’ — Standard. 

‘ A beautiful  story,  sad  and  strange  as  truth  itself.’ — Vanity  Fair. 

‘ A very  charming  and  pathetic  tale.’ — Fall  Mall  Gazette. 

‘ A singularly  original,  clever,  and  beautiful  story.’ — Guardian. 

‘ Reveals  to  us  a new  writer  of  undoubted  faculty  and  reserve  force.’ — Spectator. 

‘An  exquisite  idyll,  delicate,  affecting,  and  beautiful.’ — Black  and  White. 

J.  H.  Findlater.  A DAUGHTER  OF  STRIFE.  By  Jane 

Helen  Findlater.  Crown  Svo.  6s. 

‘A  story  of  strong  human  interest.’ — Scotsman. 

‘ Her  thought  has  solidity  and  maturity.’ — Daily  Mail. 

Mary  Findlater.  OVER  THE  HILLS.  By  Mary  Findlater. 

Second  Edition.  Crown  8vo.  6s. 

‘ A strong  and  fascinating  piece  of  work.’ — Scotsman. 

‘ A charming  romance,  ana  full  of  incident.  The  book  is  fresh  and  strong.’ — Speaker. 

‘ Will  make  the  author’s  name  loyedjn  many  a household.’ — Literary  World. 

‘A  strong  and  wise  book  of  deep  insight  and  unflinching  truth.’ — Birmingham  Post. 

H.  G.  Wells.  THE  STOLEN  BACILLUS,  and  other  Stories. 

By  H.  G.  Wells.  Second  Edition.  Crown  8vo.  6s. 

‘ They  are  the  impressions  of  a very  striking  imagination,  which,  it  would  seem,  has 
a great  deal  within  its  reach.’ — Saturday  Revieiv. 
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H.  G.  Wells.  THE  PLATTNER  STORY  and  Others.  By  H. 
G.  Wells.  Second  Edition.  Crown  Svo.  6s. 

' Weird  and  mysterious,  they  seem  to  hold  the  reader  as  by  a magic  spell.’ — Scotsman. 
‘No  volume  has  appeared  for  a long  time  so  likely  to  give  equal  pleasure  to  the 
simplest  reader  and  to  the  most  fastidious  critic.' — Accideniy.  • 

Sara  Jeanette  Dnncan.  A VOYAGE  OF  CONSOLATION. 
By  Sara  Jeanette  Duncan,  Author  of  ‘An  American  Girl  in 
London.’  Illustrated.  Third  Edition.  Crown  ^vo.  6s. 

‘ Humour,  pure  and  spontaneous  and  irresistible.’ — Daily  Mail. 

‘A  most  delightfully  bright  book.’ — Daily  Telegraph. 

‘ Eminently  amusing  and  entertaining.’ — Outlook. 

‘ The  dialogue  is  full  of  wit.’ — Globe. 

‘ Laughter  lurks  in  every  page.’ — Daily  News. 

E.  F.  Benson.  DODO  : A DETAIL  OF  THE  DAY.  By  E.  F. 
Benson.  Sixteenth  Edition.  Crown  %vo,  6s. 

‘ A delightfully  witty  sketch  of  society.’ — Spectator. 

‘ A perpetual  feast  of  epigram  and  paradox.’ — Speaker. 

E.  F.  Benson.  THE  RUBICON.  By  E.  F.  Benson,  Author  of 
‘ Dodo.’  Fifth  Edition.  Crown  2>vo.  6s. 

E.  F.  Benson.  THE  VINTAGE.  By  E.  F.  Benson.  Author 
of  ‘Dodo.’  Illustrated  by  G.  P.  Jacomb-IIood.  Third  Edition. 
Crown  Svo.  6s. 

‘ An  excellent  piece  of  romantic  literature  ; a very  graceful  and  moving  story.  We 
are  struck  with  the  close  observation  oflife  in  Greece.’ — Saturday  Review. 

‘ Full  of  fire,  earnestness,  and  beauty.’ — The  World. 

‘An  original  and  vigorous  historical  romance.’ — Morning  Post. 

Mrs.  Oliphant.  SIR  ROBERT’S  FORTUNE.  By  Mrs. 
Oliphant.  Crown  2>vo.  6s. 

‘ Full  of  her  own  peculiar  charm  ofstyleand  character-painting.  ’ — Pall  Mall  Gazette. 

Mrs.  Oliphant.  THE  TWO  MARYS.  By  Mrs.  Oliphant. 

Second  Edition.  Crown  Zvo.  6s. 

Mrs.  Oliphant.  THE  LADY’S  WALK.  By  Mrs.  Oliphant. 
Second  Edition.  Croivn  %vo.  6r. 

‘A  story  of  exquisite  tenderness,  of  most  delicate  fancy.’ — Pall  Mall  Gazette. 

W.E.  Norris.  MATTHEW  AUSTIN.  By  W.  E.  Norris,  Author 
of  ‘ Mademoiselle  de  Mersac,’  etc.  Fourth  Edition.  Crown  %vo.  6s. 
‘An  intellectually  satisfactory  and  morally  bracing  novel.’ — Daily  Telegraph. 

W.  E.  Norris.  HIS  GRACE.  By  W.  E.  Norris.  Third 
Edition.  Crown  Svo.  6s. 

‘Mr.  Norris  has  drawn  a really  fine  character  in  the  Duke  of  Hurstboume. — 
A theneeum. 

W.  E.  Norris.  THE  DESPOTIC  LADY  AND  OTHERS. 
By  W.  E.  Norris.  Crown  Svo.  6s. 

‘ A budget  of  good  fiction  of  which  no  one  will  tire.’ — Scotsman. 
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W.  E.  Norris.  CLARISSA  FURIOSA.  By  W.  E.  Norris, 

Crown  %vo.  6s. 

‘ As  a story  it  is  admirable,  as  a jeu  d esprit  it  is  capital,  as  a lay  sermon  studded 
with  gems  of  wit  and  wisdom  it  is  a model.’ — The  World. 

V/.  Clark  Russell.  MY  DANISH  SWEETHEART.  By  W. 

Clark  Russell.  Illustrated.  Fourth  Edition.  Crown  8vo.  6s. 

Robert  Barr.  IN  THE  MIDST  OF  ALARMS.  By  Rodert 

Barr.  Third  Edition.  Crown  8vo.  6s. 

‘ A book  which  has  abundantly  satisfied  us  by  its  capital  humour.’ — Daily  Chronicle. 

‘ Mr.  Barr  has  achieved  a triumph.’ — Pall  Mall  Gazette. 

Robert  Barr.  THE  MUTABLE  MANY.  By  Robert  Barr, 
Author  of  ‘ In  the  Midst  of  Alarms,’  ‘ A Woman  Intervenes,’  etc. 
.Second  Edition.  Crown  8vo.  6s. 

‘ Very  much  the  best  novel  that  Mr.  Barr  has  yet  given  us.  There  is  much  insight 
in  it,  and  much  excellent  humour.’ — Daily  Chronicle. 

‘An  excellent  story.  It  contains  several  excellently  studied  characters.’ — Clasgoxv 
Herald. 

J.  Maclaren  Cobban.  THE  KING  OF  ANDAMAN  : A 
Saviour  of  Society.  By  J.  Maclaren  Cobban.  Crown  8vo.  6s. 

‘ An  unquestionably  interesting  book.  It  contains  one  character,  at  least,  who  has 
in  him  the  root  of  immortality.’ — Pall  Mall  Gazette. 

J.  Maclaren  Cobban.  WILT  THOU  HAVE  THIS  WOMAN  ? 
By  J.  M.  Cobban,  Author  of  ‘ The  King  of  Andaman.’  Crown8vo.  6s. 

M.  E.  Francis.  MISS  ERIN.  By  M.  E.  Francis,  Author  of 
‘ In  a Northern  Village.’  Second  Edition.  Crown  8vo.  6s. 

' A clever  and  charming  stoi^'.’ — Scotsman. 

‘ Perfectly  delightful.’ — Daily  Mail. 

‘An  excellently  fancied  love  tale.’ — Athenaum. 

Robert  Hichens.  BYEWAYS.  By  Robert  Hichens.  Author 
of  ‘ Flames,’  etc.  Second  Edition.  Crown  8vo.  6s. 

' A very  high  artistic  instinct  and  striking  command  of  language  raise  Mr.  Hichens’ 
work  far  above  the  ruck.’ — Pall  Mall  Gazette. 

' The  work  is  undeniably  that  of  a man  of  striking  imagination.’ — Daily  Ne".vs. 

Percy  White.  A PASSIONATE  PILGRIM.  By  Percy  White, 
Author  of  ‘ Mr.  Bailey-Martin.’  Crown  8vo.  6s. 

‘ A work  which  it  is  not  hyperbole  to  describe  as  of  rare  excellence.’ — Pall  MallGazette. 

‘ The  clever  book  of  a shrewd  and  clever  author.’ — Athenerum. 

W.  Pett  Ridge.  SECRETARY  TO  BAYNE,  M.P.  By 
W.  Pett  Ridge,  Crown  8vo.  6s. 

‘ Sparkling,  vivacious,  adventurous. — St.  James's  Gazette. 

‘ Ingenious,  amusing,  and  especially  smart.’— World. 

J.  S.  Fletcher.  THE  BUILDERS.  By  J,  S.  Fletcher,  Author 
of  ‘ When  Charles  l.  was  King.’  Second  Edition.  Crown  8vo.  6s. 

‘ Replete  with  delightful  descriptions.’ — Vanity  Fair. 

‘ The  background  of  country  life  has  never  been  sketched  more  realistically.'— fFbr/rf. 


Messrs.  Methuen’s  List 


31 


Andrew  Balfour.  BY  STROKE  OF  SWORD.  By  Andrew 
Balfour.  Illustrated  by  W.Cubitt  Cooke.  Fourth  Edition.  Crown 
8z>o.  6s. 

‘ A banquet  of  good  things.’ — Academy. 

‘A  recital  of  thrilling  interest,  told  with  unflagging  vigour.’ — Globe. 

‘An  unusually  excellent  example  of  a semi-historic  romance.’ — IVorld. 

‘Manly,  healthy,  and  patriotic.’ — Glasgotu  Herald. 

J.  B.  Burton.  IN  THE  DAY  OF  ADVERSITY.  By  J.  Bloun- 

delle-Burton.’  Second  Edition.  Crown8vo.  6s. 

‘ Unusually  interesting  and  full  of  highly  dramatic  situations.  — Guardian. 

J.  B.  Btirton.  DENOUNCED.  By  J.  Bloundelle-Burton. 

Second  Edition.  Croxvn  8vo  6s. 

J.  B.  Burton.  THE  CLASH  OF  ARMS.  By  J.  Bloundelle- 

Burton.  Second  Edition.  Crown  8vo.  6s. 

• A brave  story — brave  in  deed,  brave  in  word,  brave  in  thought.  ’ — St.  James's  Gazette. 

‘ .\  fine,  manly,  spirited  piece  of  work.’ — IVorld. 

J.  B.  Burton.  ACROSS  THE  SALT  SEAS.  By  J.  Bloun- 

delle-Burton.  Crown  8vo.  6s. 

‘ The  very  essence  of  the  true  romantic  spirit.’ — Truth. 

‘An  ingenious  and  e.xciting  story.’ — Manchester  Guardian. 

‘ Singularly  well  written.’ — Athenceum. 

W.  C.  Scully.  THE  WHITE  HECATOMB.  By  W C. 
Scully,  Author  of  ‘ Kafir  Stories.’  Crown  8vo.  6s. 

‘ Reveals  a marvellously  intimate  understanding  of  the  Kaffir  mind.’ — African  Critic. 

W.  C.  Scully.  BETWEEN  SUN  AND  SAND.  By  W.  C. 
ScULLY',  Author  of  ‘The  White  Hecatomb.’  Crown  8vo.  6s. 

‘ The  reader  will  find  the  interest  of  absolute  novelt}’.’ — The  Graphic. 

‘ The  reader  passes  at  once  into  the  very  atmosphere  of  the  African  desert : the 
inexpressible  space  and  stillness  swallow  him  up,  and  there  is  no  world  for  him 
but  that  immeasurable  waste.’ — Athenceum. 

‘ Strong,  simple,  direct.’ — Daily  Chronicle. 

‘One  of  the  most  enthralling  tales  we  have  read.’ — World. 

Victor  Waite.  CROSS  TRAILS.  By  Victor  Waite.  Illus- 
trated. Crown  8vo.  6s. 

‘ Every  page  is  enthralling.’ — Academy. 

‘ Full  of  strength  and  reality.’ — Athenceum. 

‘ The  book  is  exceedingly  powerful.’ — Glasgoxv  Herald. 

I.  Hooper.  THE  SINGER  OF  MARLY.  By  I.  Hooper. 
Illustrated  by  W.  Cubitt  Cooke.  Crown  8vo.  6s. 

‘ The  characters  are  all  picturesque.’ — Scotsman. 

‘ A novel  as  vigorous  as  it  is  charming.’ — Literary  World. 

M.  C.  Balfour.  THE  FALL  OF  THE  SPARROW.  By 
M.  C.  Balfour.  Crown  8vo.  6s. 

‘ It  is  unusually  powerful,  and  the  characterization  is  uncommonly  good.’ — World. 

H.  Morrah.  A SERIOUS  COMEDY.  By  Herbert  Morrah. 
Crown  8fo.  6s, 
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H.  Morrah.  THE  FAITHFUL  CITY.  By  Herbert  Morrah, 
Author  of  ‘A  Serious  Comedy.’  Crown  8vo.  6s. 

L.  B.  Walford.  SUCCESSORS  TO  THE  TITLE.  By  Mrs. 

Walford,  Author  of  ‘ Mr.Smith, ’etc.  Second  Edition.  Crown8vo.6s. 

Mary  Gaunt.  KIRKHAM’S  FIND.  By  Mary  Gaunt, 
Author  of  ‘ The  Moving  Finger.’  Crown  8vo.  6s. 

‘ A really  charming  novel.’ — Standard. 

M.  M.  Dowie.  GALLIA.  By  Menie  Muriel  Dowie,  Author 
of  ‘ A Girl  in  the  Karpathians.  ’ Third  Edition.  Crown  8vo.  6s. 

‘The  style  is_ generally  admirable,  the  dialogue  not  seldom  brilliant,  the  situations 
surprising  in  their  freshness  and  originality.’ — Saturday  Review. 

M.  M.  Dowie.  THE  CROOK  OF  THE  BOUGH.  By 

Menie  Muriel  Dowie.  Crown  8zjo.  6s. 

‘An  exceptionally  clever  and  well-written  book.’ — Daily  Telegraph. 

‘An  excellent  story  with  shrewd  humour  and  bright  writing.  The  author  is  delight 
fully  witty.’ — Pall  Mall  Gazette. 

‘ Strong,  suggestive,  and  witty.’ — Daily  News. 

J.  A.  Barry.  IN  THE  GREAT  DEEP.  By  J.  A.  Barry. 
Author  of  ‘Steve  Brown’s  Bunyip.’  Crown  8vo.  6s. 

‘ A collection  of  really  admirable  short  stories  of  the  sea.’ — Westminster  Gazette. 

Julian  Corbett.  A BUSINESS  IN  GREAT  WATERS.  By 

Julian  Corbett.  Second  Edition.  Crown  8io.  6s. 

J.  B.  Patton.  BIJLI,  THE  DANCER.  By  James  Blythe 
Patton.  Illustrated.  Crown  8vo.  6s. 

‘ Powerful  and  fascinating.’ — Pall  Mall  Gazette. 

‘A  true  and  entrancing  book.’ — Country  Life  Illustrated. 

‘A  remarkable  book.’ — Bookman. 

‘ A vivid  picture  of  Indian  life.’ — Academy. 

Norma  Lorimer.  JOSIAH’S  WIFE.  By  Norma  Lorimkr. 

Secotid  Edition.  Crow7i  8vo.  6s. 

‘Written  in  a bright  and  witty  style.’ — Pall  Mall  Gazette. 

Lucy  Maynard.  THE  PHILANTHROPIST.  By  Lucy  May- 
nard. Crown  8vo.  6s. 

‘ It  contains  many  graphic  sketches  of  the  private  life  of  a charitable  institution.  ’ — 
Glasgow  Herald. 

L.  Cope  Cornford.  CAPTAIN  JACOBUS  : A ROMANCE  OF 
THE  ROAD.  By  L.  Cope  Cornford.  Illustrated.  Crown8vo.  6s. 

‘ An  exceptionally  good  story  of  adventure  and  character.’ — World. 

L.  Cope  Cornford.  SONS  OF  ADVERSITY.  By  L.  Cope 
Cornford,  Author  of  ‘Captain  Jacobus.’  Crown  8vo.  6s. 

‘A  very  stirring  and  spirited  sketch  of  the  spacious  times  of  Queen  Elizabeth.’ — Pall 
Mall  Gazette.^ 

‘ Packed  with  incident.’ — Outlook. 
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F.  Brune.  VAUSSORE.  By  Francis  Brune.  Crown  Svo. 
6s. 

‘ A subtle,  complete  achievement.’ — Pall  Mall  Gazette. 

‘ This  story  is  strangely  interesting.’ — Manchester  Guardian. 


OTHER  SIX-SHILLING  NOVELS 

Crown  Svo. 

THE  KING  OF  ALBERIA.  By  Laura  Daintrey. 

THE  DAUGHTER  OF  ALOUETTE.  By  Mary  A.  Owen. 
CHILDREN  OF  THIS  WORLD.  By  Ellen  F.  Pinsent. 
AN  ELECTRIC  SPARK.  By  G.  Manville  Fenn. 

UNDER  SHADOW  OF  THE  MISSION.  By  L.  S. 

McChesney. 

THE  SPECULATORS.  By  J.  F.  Brewer. 

THE  SPIRIT  OF  STORM.  By  Ronald  Ross. 

THE  QUEENSBERRY  CUP.  By  Clive  P.  Wolley. 

A HOME  IN  IN  VERES  K.  By  T.  L.  Baton. 

MISS  ARMSTRONG’S  AND  OTHER  CIRCUMSTANCES. 

By  John  Davidson. 

DR.  CONGALTON’S  LEGACY.  By  Henry  Johnston. 
TIME  AND  THE  WOMAN.  By  Richard  Pryce. 

THIS  MAN’S  DOMINION.  By  the  Author  of  ‘A  High 
Little  World.’ 

DIOGENES  OF  LONDON.  By  H.  B.  Marriott  Watson. 
THE  STONE  DRAGON.  By  Murray  Gilchrist. 

A VICAR’S  WIFE.  By  Evelyn  Dickinson. 

ELSA.  By  E.  M‘Queen  Gray. 


THREE-AND-SIXPENNY  NOVELS 

Crown  "ivo. 

DERRICK  VAUGHAN.  NOVELIST.  By  Edna  Lyall. 

THE  KLOOF  BRIDE.  By  Ernest  Glanville. 

SUBJECT  TO  VANITY.  By  Margaret  Benson. 

THE  SIGN  OF  THE  SPIDER.  By  Bertram  Mitford. 

THE  MOVING  FINGER.  By  Mary  Gaunt. 

J.ACO  TRELOAR.  By  J.  H.  Pearce. 

THE  DANCE  OF  THE  HOURS.  By  ‘Vera.’ 

A WOMAN  OF  FORTY.  By  EsM^  STUART. 

A CUMBERER  OF  THE  GROUND.  By  CONSTANCE  SMITH. 

THE  SIN  OF  ANGELS.  By  Evelyn  Dickinson. 

AUT  DIABOLUS  AUT  NIHIL.  By  X.  L. 

THE  COMING  OF  CUCULAIN.  By  Standish  O’Grady. 

THE  GODS  GIVE  MY  DONKEY  WINGS.  By  Angus  Evan  Abbott. 
THE  STAR  GAZERS.  By  G.  Manville  Fenn. 

THE  POISON  OF  ASPS.  By  R.  Orton  Prowse. 

THE  QUIET  MRS.  FLEMING.  By  R.  Pryce. 
DISENCHANTMENT.  By  F.  Mabel  Robinson. 
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THE  SQUIRE  OF  WANDALES.  By  A.  Shield. 

A REVEREND  GENTLEMAN.  By  J.  M.  Cobban. 

A DEPLORABLE  AFFAIR,  By  W.  E.  Norris. 

A CAVALIER’S  LADYE.  By  Mrs.  Dicker. 

THE  PRODIGALS.  By  Mrs.  Oliphant. 

THE  SUPPLANTER.  By  P.  Neumann. 

A MAN  WITH  BLACK  EYELASHES.  By  H.  A.  KENNEDY. 

A HANDFUL  OF  EXOTICS.  By  S.  Gordon. 

AN  ODD  EXPERIMENT.  By  Hannah  Lynch. 

SCOTTISH  BORDER  LIFE.  By  James  C.  Dibdin. 

HALF-CROWN  NOVELS 

Crown  8vo. 

HOVENDEN,  V.C,  By  F.  Mabel  Robinson. 

'I  HE  PLAN  OF  CAMPAIGN.  By  F.  Mabel  Robinson. 

•MR.  BUTLER’S  WARD.  By  F.  Mabel  Robinson. 

ELI'S  CHILDREN.  By  G.  Manville  Fenn. 

A DOUBLE  KNOT.  By  G.  Manville  Fenn. 

DISARMED.  By  M.  Betham  Edwards. 

A MARRIAGE  AT  SEA.  By  W.  Clark  Russell. 

IN  TENT  AND  BUNGALOW.  By  the  Author  of  ‘ Indian  Idylls.’ 
MY  STEWARDSHIP.  By  E.  M'Queen  Gray. 

JACK’S  FATHER.  By  W.  E.  Norris. 

A LOST  ILLUSION.  By  Leslie  Keith. 


THE  TRUE  HISTORY  OF  JOSHUA  DAVIDSON,  Christian  and  Com- 
munist. By  E.  Lynn  Lynton.  Eleventh  Edition.  Post  &vo.  is. 

Books  for  Boys  and  Girls 

A Series  of  Books  by  well-known  Authors^  well  illustrated. 
THREE-AND-SIXPENCE  EACH 
THE  ICELANDER’S  SWORD.  By  S.  Baring  Gould. 

TWO  LITTLE  CHILDREN  AND  CHING.  By  Edith  E.  Cuthell. 
TODDLEBEN’S  HERO.  By  M.  M.  Blake. 

ONLY  A GUARD-ROOM  DOG.  By  Edith  E.  Cuthell. 

THE  DOCTOR  OF  THE  JULIET.  By  Harry  Collingwood. 
MASTER  ROCKAFELLAR’S  VOYAGE.  By  W.  Clark  Russell. 

SYD  BELTON  ; Or,  The  Boy  who  would  not  go  to  Sea.  By  G.  Manville 
Fenn. 

THE  WALLYPUG  IN  LONDON.  By  G.  E.  Farrow. 

The  Peacock  Library 

A Series  of  Books  for  Girls  by  well-known  Authors,  handsomely  bound, 

and  well  illustrated. 

THREE-AND-SIXPENCE  EACH 

A PINCH  OF  EXPERIENCE.  By  L.  B.  Walford. 

THE  RED  GRANGE.  By  Mrs.  Molesworth. 

THE  SECRET  OF  MADAME  DE  MON  LUC.  By  the  Author  of 
‘ Mdle  Mori. 
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DUMPS.  By  Mrs.  Park. 

OUT  OF  THE  FASHION,  By  L.  T.  Meade. 

A GIRL  OF  THE  PEOPLE.  By  L.  T.  Meade. 

HEPSY  GIPSY.  By  L.  T.  Meade.  2j.  kd. 

THE  HONOURABLE  MISS.  By  L.  T.  Meade. 

MY  LAND  OF  BEULAH.  By  Mrs.  Leith  Adams. 

University  Extension  Series 

A series  of  books  on  historical,  literary,  and  scientific  subjects,  suitable 
for  extension  students  and  home-reading  circles.  Each  volume  is  com- 
plete in  itself,  and  the  subjects  are  treated  by  competent  writers  in  a 
broad  and  philosophic  spirit. 

Edited  byj.  E.  SYMES,  M.A., 

Principal  of  University  College,  Nottingham. 

Crown  8vo.  Price  {with  some  exceptions')  2s.  6d. 

The  following  volumes  are  ready : — 

THE  INDUSTRIAL  HISTORY  OF  ENGLAND.  By  H.  de  B.  Gibbins, 
D.Litt. , M.A.,  late  Scholar'  of  Wadham  College.  Oxon.,  Cobden  Prizeman. 
Sixth  Edition,  Revised.  With  Maps  and  Plans.  3^, 

‘A  compact  and  clear  story  of  our  industrial  development.  A study  of  this  concise 
but  luminous  book  cannot  fail  to  give  the  reader  a clear  insight  into  the  principal 
phenomena  of  our  industrial  history.  The  editor  and  publishers  are  to  be  congrat- 
ulated on  this  first  volume  of  their  venture,  and  we  shall  look  with  expectant 
interest  for  the  succeeding  volumes  of  the  series.’ — University  Extension  Journal. 

A HISTORY  OF  ENGLISH  POLITICAL  ECONOMY.  By  L.  L.  Price, 
M.A. , Fellow  of  Oriel  College,  Oxon.  Second  Edition. 

PROBLEMS  OF  POVERTY : An  Inquiry  into  the  Industrial  Conditions  of 
the  Poor.  By  J.  A.  Hobson,  M.A.  Third  Edition. 

VICTORIAN  POETS.  By  A.  Sharp. 

THE  FRENCH  REVOLUTION.  By  J.  E.  Symes,  M.A. 

PSYCHOLOGY.  By  F.  S.  Granger,  M.A.  Second  Edition. 

THE  EVOLUTION  OF  PLANT  LIFE  : Lower  Forms.  By  G.  Massee. 
With  Illustrations. 

AIR  AND  WATER.  By  V.  B.  Lewes,  M.A.  Illustrated. 

THE  CHEMISTRY  OF  LIFE  AND  HEALTPI.  By  C.  W.  Kimmins, 
M.A.  Illustrated. 

THE  MECHANICS  OF  DAILY  LIFE.  By  V.  P.  Sells,  M.A.  Illustrated. 
ENGLISH  SOCLAL  REFORMERS.  By  H.  de  B.  Gibbins,  D.Litt.,  M.A. 
ENGLISH  TRADE  AND  FINANCE  IN  THE  SEVENTEENTH 
CENTURY.  By  W.  A.  S.  Hewins,  B.A. 

THE  CHEMISTRY  OF  FIRE.  The  Elementary  Principles  of  Chemistry. 

By  M.  M.  Pattison  Muir,  M.A.  Illustrated. 

A TEXT-BOOK  OF  AGRICULTURAL  BOTANY.  By  M.  C.  Potter, 
M.  A. , F.  L.S.  Illustrated.  35.  6t/. 

THE  VAULT  OF  HEAVEN.  A Popular  Introduction  to  Astronomy. 

By  R.  A.  Gregory.  With  numerous  Illustrations. 

METEOROLOGY.  The  Elements  of  Weather  and  Climate.  By  H.  N. 

Dickson,  F.R.S.E.,  F.R.  Met.  Soc.  Illustrated. 

A MANUAL  OF  ELECTRICAL  SCIENCE.  By  George  J.  Burch, 
M.A.  With  numerous  Illustrations.  3s, 
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THE  EARTH.  An  Introduction  to  Physiography.  By  Evan  Small,  M.A. 
Illustrated. 

INSliiCT  LIFE.  By  F.  W.  Theobald,  M.A.  Illustrated. 

ENGLISH  POETRY  FROM  BLAKE  TO  BROWNING.  By  W.  M. 
Dixon,  M.A. 

ENGLISH  LOCAL  GOVERNMENT.  By  E.  Jenks,  M.A.,  Professor  of 
Law  at  University  College,  Liverpool. 

THE  GREEK  VIEW  OF  LIFE.  By  G.  L.  Dickinson,  Fellow  of  King’s 
College,  Cambridge.  Second  Edition. 

Social  Questions  of  To-day 

Edited  by  H.  de  B.  GIBBINS,  D.Litt.,  M.A. 

Crown  %vo.  7.s.  6d. 

A series  of  volumes  upon  those  topics  of  social,  economic,  and  industrial 
interest  that  are  at  the  present  moment  foremost  in  the  public  mind. 
Each  volume  of  the  series  is  written  by  an  author  who  is  an  acknow- 
ledged authority  upon  the  subject  with  which  he  deals. 

The  following  Volumes  of  the  Series  are  ready  : — 

TRADE  UNIONISM— NEW  AND  OLD.  By  G.  Howell.  Second 
Edition. 

THE  CO-OPERATIVE  MOVEMENT  TO-DAY.  By  G.  J.  HoLYOAKE, 
Second  Edition. 

MUTUAL  THRIFT.  By  Rev.  J.  Fkome  Wilkin.son,  M.A. 

PROBLEMS  OF  POVERTY.  ByJ.  A.  Hobson,  M.A.  Third  Edition. 
THE  COMMERCE  OF  NATIONS.  By  C.  F.  Bastable,  M.A.,  Professor 
of  Economics  at  Trinity  College,  Dublin.  Second  Edition, 

THE  ALIEN  INVASION.  By  W.  H.  WiLKiNS,  B.A. 

THE  RURAL  EXODUS.  By  P.  Anderson  Graham. 

LAND  NATIONALIZATION.  By  Harold  Cox,  B.A. 

A SHORTER  WORKING  D.\Y.  By  H.  DE  B.  Gibbins,  D.Litt.,  M.A. , 
and  R.  A.  Hadfield,  of  the  Hecla  Works,  Sheffield. 

BACK  TO  THE  LAND  : An  Inquiry  into  the  Cure  for  Rural  Depopulation. 
By  H.  E.  Moore. 

TRUSTS,  POOLS  AND  CORNERS.  By  J.  Stephen  Jeans. 

THE  FACTORY  SYSTEM.  By  R.  W.  Cooke-Taylor. 

THE  STATE  AND  ITS  CHILDREN.  By  Gertrude  Tuckwell. 
WOMEN’S  WORK.  By  Lady  Dilke,  Miss  Bulley,  and  Miss  Whitley. 
MUNICIPALITIES  AT  WORK.  The  Municipal  Policy  of  Six  Great 
Towns,  and  its  Influence  on  their  Social  Welfare.  By  Frederick  Dolman. 
SOCIALISM  AND  MODERN  THOUGHT.  By  M.  Kaufmann. 

THE  HOUSING  OF  THE  WORKING  CLASSES.  By  E,  Bowmaker. 
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MODERN  CIVILIZATION  IN  SOME  OF  ITS  ECONOMIC  ASPECTS. 
By  W.  Cunningham,  D.D.,  Fellow  of  Trinity  College,  Cambridge. 

THE  PROBLEM  OF  THE  UNEMPLOYED.  By  J.  A.  Hobson,  B.A., 

LIFE  IN  WEST  LONDON.  By  Arthur  Sherwell,  M.A.  Second  Edition. 

RAILWAY  NATIONALIZ.A.TION.  By  Clement  Edward.s. 

WORKHOUSES  AND  PAUPERISM.  By  Louisa  Twining. 

Classical  Translations 

EditedbyH.  F.  FOX,  M.A. , Fellow  and  Tutor  ofBrasenose  College,  Oxford. 

AiSCHYLUS — Agamemnon,  Chbephoroe,  Eumenides.  Translated  by  Lewis 
Campbell,  LL.  D.  , late  Professor  of  Greek  at  St.  Andrews,  5l 

CICERO — De  Oratore  I.  Translated  by  E.  N.  P.  Moor,  M.A.  31.  td. 

CICERO  — Select  Orations  (Pro  Milone,  Pro  Murena,  Philippic  11.,  In 
Catilinam).  Translated  by  H.  E.  D.  Blakiston,  M.A.,  Fellow  and 
Tutor  of  Trinity  College,  Oxford,  sl 

CICERO — De  Natura  Deorum.  Translated  by  F.  Brooks,  M.A.,  late 
Scholar  of  Balliol  College,  Oxford.  35.  6d. 

HORACE:  THE  ODES  AND  ERODES.  Translatedby A.  Godley,  M.A., 
Fellow  of  Magdalen  College,  Oxford.  2J. 

LUCIAN — Six  Dialogues  (Nigrinus,  Icaro-Menippus,  The  Cock,  TheShip,  The 
Parasite,  The  Lover  of  Falsehood).  Translated  by  S.  T.  Irwin,M.  A.,  Assis- 
tant Master  at  Clifton  ; late  Scholar  of  Exeter  College,  Oxford.  3L  6d. 

SOPHOCLES — Electra  and  Ajax.  Translated  by  E.  D.  A.  Morshead, 
M.A. , Assistant  Master  at  Winchester.  2r.  6d. 

TACITUS — Agricola  and  Germania.  Translated  by  R.  B.  Townshend, 
late  Scholar  of  Trinity  College,  Cambridge.  2s.  6d. 

Educational  Books 

CLASSICAL 

PLAUTI  BACCHIDES.  Edited  with  Introduction,  Commentary,  and 
Critical  Notes  by  J.  M'CosH,  M.A.  Ecap.  4/0.  X2S.  6d. 

‘The  notes  are  copious,  and  contain  a great  deal  of  information  that  is  good  and 
useful.' — Classical  Review. 

PASSAGES  FOR  UNSEEN  TRANSLATION,  By  E.  C.  Marchant, 
M.A.,  Fellow  of  Peterhouse,  Cambridge;  and  A.  M.  CoOK,  M.A.,  late 
Scholar  of  W'’adliam  College,  Oxford  ; Assistant  Masters  at  St.  Paul's 
School.  Crown  8w.  35.  6./. 

‘A  capital  selection,  and  of  more  variety  and  value  than  such  books  usually  are.’ — 
A theneeum. 

‘ A judiciously  compiled  book  which  will  be  found  widely  convenient.' — Schoolmaster. 

‘ We  know  no  book  of  this  class  better  fitted  for  use  in  the  higher  forms  of  schools.’ — 
Guardian. 

TACITI  AGRICOLA.  With  Introduction,  Notes,  Map,  etc.  By  R.  F. 
D.WIS,  M.A. , Assistant  Master  at  Weymouth  College.  Crown  8vo.  2S. 

TACITI  GERMANIA.  By  the  same  Editor.  Crown  8vo.  2s. 

HERODOTUS : EASY  SELECTIONS.  With  Vocabulary.  By  A.  C. 
LiDDEl.r  - M .A.  Ecap.  Bvo.  is.  6d. 
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SELECTIONS  FROM  THE  ODYSSEY.  By  E.  D.  Stone,  M.A.,  late 
Assistant  Master  at  Eton.  Fcap.  %vo.  is.  6d. 

PLAUTUS  : THE  CAPTIVI.  Adapted  for  Lower  Forms  by  J.  H.  Freese, 
M.A.,  late  Fellow  of  St.  John’s,  Cambridge,  is.  6d. 

DEMOSTHENES  AGAINST  CONON  AND  CALLICLE3.  Edited  with 
Notes  and  Vocabulary,  by  F.  Darwin  Swift,  M.A.,  formerly  Scholar 
of  Queen's  College,  Oxford.  Fcap.  Bvo.  2S. 

EXERCISES  IN  LATIN  ACCIDENCE.  By  S.  E.  Winbolt,  Assistant 
Master  in  Christ’s  Hospital.  Crown  %vo.  ir.  (sd. 

An  elementary  book  adapted  for  Lower  Forms  to  accompany  the  shorter  Latin  primer. 

‘ Skilfully  arranged.’ — Glasgow  Herald. 

‘ Accurate  and  well  arranged.’ — Athentrum. 

NOTES  ON  GREEK  AND  LATIN  SYNTAX.  By  G.  Buckland 
Green,  M.A.  , Assistant  Master  at  Edinburgh  Academy,  late  Fellow  of 
St.  John’s  College,  Oxon.  Crown  8vo.  3,t.  6d. 

Notes  and  explanations  on  the  chief  difficulties  of  Greek  and  Latin  Syntax,  with 
numerous  passages  for  exercise. 

‘ Supplies  a gap  in  educational  literature.' — Glasgow  Herald. 

GERMAN 

A COMPANION  GERMAN  GRAMMAR.  By  H.  de  B.  Gibbins,  D.Litt., 
M.A.,  Assistant  Master  at  Nottingham  High  School.  Crown  8vo.  is.  6d. 

GERMAN  PASSAGES  FOR  UNSEEN  TRANSLATION.  By  E. 
M 'Queen  Gray.  Crown  8vo.  2s.  6d. 

SCIENCE 

THE  WORLD  OF  SCIENCE.  Including  Chemistry,  Heat,  Light,  Sound, 
Magnetism,  Electricity,  Botany,  Zoology,  Physiology,  Astronomy,  and 
Geology.  By  R.  Elliott  Steel,  M.A. , F.C.S.  147  Illustrations. 
Second  Edition.  Crown  8vo.  2s.  6d. 

ELEMENTARY  LIGHT.  By  R.  E.  Steel.  With  numerous  Illustrations. 
Crown  8vo.  4s.  6d. 

ENGLISH 

ENGLISH  RECORDS.  A Companion  to  the  History  of  England.  By 
H.  E.  Malden,  M.A.  Crown  8vo.  y.  6d. 

A book  which  aims  at  concentrating  information  upon  dates,  genealogy,  officials,  con- 
stitutional documents,  etc.,  which  is  usually  found  scattered  in  different  volumes. 

THE  ENGLISH  CITIZEN:  HIS  RIGHTS  AND  DUTIES.  By  H.  E. 
Malden,  M.A.  u.  6d. 

A DIGEST  OF  DEDUCTIVE  LOGIC.  By  Johnson  Barker,  B.A. 
Crown  8vo.  2s.  6d. 

TEST  CARDS  IN  EUCLID  AND  ALGEBRA.  By  D.  S.  Calderwood, 
Headmaster  of  the  Normal  School,  Edinburgh.  In  three  packets  of  40, 
with  Answers,  is. 

A set  of  cards  for  advanced  pjepils  in  elementary  schools. 

'They  bear  all  the  marks  of  having  been  prep.ared  by  a teacher  of  experience  who 
knows  the  value  of  careful  grading  and  constant  repetition.  Sums  are  specially 
inserted  to  meet  all  likely  difficulties.  The  papers  set  at  the  various  public 
examinations  have  been  largely  drawn  upon  m preparing  the  cards.' — Glasgow 
Herald. 
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METHUEN'S  COMMERCIAL  SERIES 
Edited  by  H.  de  B.  GIBBINS,  D.Litt,  M.A. 

BRITISH  COMMERCE  AND  COLONIES  FROM  ELIZABETH  TO 
VICTORIA.  By  H.  de  B.  Gibbins,  D.Litt,,  M.A.  zs.  Third  Edition. 
COMMERCIAL  EXAMINATION  PAPERS.  By  H.  de  B.  Gibbins. 
D.Litt.,  M.A. , ij.  td. 

THE  ECONOMICS  OF  COMMERCE.  By  H.  DE  B.  Gibbins,  D.Litt., 
M.A.  IS.  6d. 

FRENCH  COMMERCIAL  CORRESPONDENCE.  By  S.  E.  Bally, 
Modern  Language  Master  at  the  Manchester  Grammar  School,  zs. 
Second  Edition. 

GERMAN  COMMERCIAL  CORRESPONDENCE.  By  S.  E.  Bally, 
zs.  6d. 

A FRENCH  COMMERCIAL  READER.  By  S.  E.  Bally.  2j. 
COMMERCIAL  GEOGRAPHY,  with  special  reference  to  the  British 
Empire.  By  L.  W.  Lyde,  M.A.,  of  the  Academy,  Glasgow,  zs. 
Second  Edition. 

A PRIMER  OF  BUSINESS.  By  S.  Jackson,  M.A.  xs.  6d,  Second 
Edition. 

COMMERCIAL  ARITHMETIC.  By  F.  G.  Taylor.  M.A.  Second 
Edition,  is.  6d. 

PRECIS  ’WRITING  AND  OFFICE  CORRESPONDENCE.  By  E.  E. 
Whitfield,  M.A.  zs. 

WORKS  BY  A.  M.  M.  ST  EDM  AN,  M.A. 

INITIA  LATINA;  Easy  Lessons  on  Elementary  Accidence.  Third  Edition. 
Fcap.  %vo.  ir. 

FIRST  LATIN  LESSONS.  Fifth  Edition.  Crown  8vo.  zs. 

FIRST  LATIN  READER.  With  Notes  adapted  to  the  Shorter  Latin 
Primer  and  Vocabulary.  Fourth  Edition  revised.  i8mo.  is.  6d. 

EASY  SELECTIONS  FROM  CAESAR.  Part  I.  The  Helvetian  War. 
Second  Edition.  i8mo.  ij. 

EASY  SELECTIONS  FROM  LIVY.  Part  i.  The  Kings  of  Rome.  iZmo. 

IS.  6d. 

EASY  LATIN  PASSAGES  FOR  UNSEEN  TRANSLATION.  Fifth 
Edition.  Fcap.  8vo.  is.  6d. 

EXEMPLA  LATINA.  First  Lessons  in  Latin  Accidence.  With  Vocabulary. 
Crown  8vo.  is. 

EASY  LATIN  EXERCISES  ON  THE  SYNTAX  OF  THE  SHORTER 
AND  REVISED  LATIN  PRIMER.  With  Vocabulary.  Seventh  and 
cheaper  Edition  re-written.  Croum  8vo.  u.  6d.  Issued  with  the  consent 
of  Dr.  Kennedy. 

THE  LATIN  COMPOUND  SENTENCE:  Rules  and  Exercises.  Crown 
8vo.  IS.  6d.  With  Vocabulary,  zs. 

NOTANDA  QUAEDAM  ; Miscellaneous  Latin  Exercises  on  Common  Rules 
and  Idioms.  Third  Edition.  Fcap.  8vo,  ir.  6d.  With  Vocabulary,  zs. 
LATIN  VOCABULARIES  FOR  REPETITION:  Arranged  according  to 
Subjects.  Seventh  Edition.  Fcap.  8vo.  is.  6d. 
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A VOCABULARY  OF  LATIN  IDIOMS  AND  PHRASES.  xZmo.  Second 
Edition,  ij. 

STEPS  TO  GREEK.  -iZmo.  xs. 

A SHORTER  GREEK  PRIMER.  Crown  Zvo.  xs.  6d. 

EASY  GREEK  PASSAGES  FOR  UNSEEN  TRANSLATION.  Third- 
Edition  Revised.  Fcap.  Svo.  xs.  6d. 

GREEK  VOCABULARIES  FOR  REPETITION.  Arranged  according  to 
Subjects.  Second  Edition.  Fcap.  2,vo.  ir.  6i/. 

GREEK  TESTAMENT  SELECTIONS.  For  the  use  cf  Schools.  Third 
Edition.  Wiih  Introduction,  Notes,  and  Vocabulary,  Fcap.Zvo.  zs.  6d. 

STEPS  TO  FRENCH.  Fourth  Edition,  x^mo,  Zd. 

FIRST  FRENCH  LESSONS.  Third Editiojt  Revised.  Crown  Zvo.  xs. 

EASY  P RENCH  PASSAGES  FOR  UNSEEN  TR.ANSLATION.  Third 
Edition  revised.  Fcap.  Zvo.  xs.  6d. 

EASY  FRENCH  EXERCISES  ON  ELEMENTARY  SYNTAX.  With 
Vocabulary.  Second  Edition.  Crown  Zvo.  zs.  6d.  Key  3^.  siet. 

FRENCH  VOCABULARIES  FOR  REPETITION  : Arranged  according  to 
Subjects.  Sixth  Edition.  Fcap.  Zvo.  ir. 

SCHOOL  EXAMINATION  SERIES 
Edited  by  A.  M.  M.  STEDMAN,  M.A.  Crown  8vo.  2s.  6d. 

FRENCH  EXAMINATION  PAPERS  IN  MISCELLANEOUS  GRAM- 
MAR AND  IDIOMS.  By  A.  M.  M.  Stedman,  M..A.  A^inth  Edition. 

A Key,  issued  to  Tutors  and  Private  Students  only,  to  be  had  on 
application  to  the  Publishers.  Foitrth  Edition.  Croivn  Zvo.  6s.  net. 

LATIN  EXAMINATION  PAPERS  IN  MISCELLANEOUS  GRAM- 
MAR AND  IDIOMS.  By  A.  M.  M.  Stedm.\n,  M.A.  Eighth  Edition. 

Key  ( Third  Edition)  issued  as  above.  6s.  net. 

GREEK  EXAMINATION  PAPERS  IN  MISCELLANEOUS  GRAM- 
M.AR  AND  IDIOMS.  By  A.  M.  M.  Stedm.an,  M.A.  Fifth  Edition. 

Key  {Second  Edition)  issued  as  above.  6r.  net. 

GERMAN  EXAMINA  TION  PAPERS  IN  MISCELLANEOUS  GRAM- 
MAR AND  IDIOMS.  By  R.  J.  Morich,  Manchester.  Fifth  Edition. 

Key  {Second  Edition)  issued  as  above.  6r.  net. 

HISTORY  AND  GEOGRAPHY  EXAMINATION  PAPERS.  By  C.  H. 
Spence,  M..\.,  Clifton  College.  Second  Edition. 

SCIENCE  EXAMIN.-\TION  PAPERS.  By  R.  E.  Steel,  M.A.,  F.C.S., 
Chief  Natural  Science  Master,  Bradford  Grammar  School,  /n  two  vots. 

Part  I.  Chemistry;  Pait  11.  Physics. 

GENERAL  KNOWLEDGE  EXAMINATION  PAPERS.  By  A.  M.  M. 
Stedman,  M..\.  Third  Edition. 

Key  {Second  Edition)  issned  as  above. 
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